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INTRODUCTORY NOTE

This edition of Civil Aeronautics Manual 04 includes all revisions * up to July 1, 1944, and for
eage of refercnce incorporates the Civil Air Regulations Part 04 in smaller type immediately pre-
ceding the eorresponding section of the Manual.

The Manual material herein is not mandatory and is intended only to explain and to show
accoptable methods of complying with the pertinent requirement. Alternative methods of showing
compliance may be used at the option of the applicant. The function of the Civil Aerongutics
Administration is to examine such technical data and to conduct or witness such inspection and
testing as may be necessary to demonstrate compliance with the Regulations.

£ With the time and personnel available it was found impossible to inelude certain material pertaining {o powerplant installation and to ground

oads. This material now ineorporated in several releases will be Issued as revision sheets to this Manual.
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Airplane Airworthiness

04.0 GENERAL

04.00 SCOPE.

The airworthiness requirements sct forth in this Part shall be used asa basgisfor obtaining airworthiness or type
certificates: Provided, That (1) deviations from these requirements which, in the opinion of the Administrator,
insure the equivalent condition for safe operation and, (2) equivalent requirements of the United States Army or
Navy with respect to airworthiness, may be accepted in lieu of the requirements set forth in this Part. Unless
otherwise specified, an amendment to this Part will apply only to airplanes for which applications for type certifi-
cates are received subsequent to the effective date of such amendment.

The requirements are based on the present development in the science of airplane design.
Experience indicates that, when applied to conventional types of design, they will result in an air-
worthy aircraft., New types of aircraft and new types of construction may, however, incorporate
features to which the requirements cannot be applied logically. In such cases it is necessary that
the applicant show:

a. That the requirement is not applicable because the airplaneisshown to be unconventional
with reapeet thereto.
b. That the objective on which the requirement is based can be shown to have been met.

“Unconventional’’ refers not only to deviations from the eonventional with respect to general
design and design details, but also with respect to size. As the requirements of Part 04 have been
based largely on experience with airplanes weighing less than 30,000 pounds, they cannot logically he
extended to aircraft of considerably greater size. Appendix I, containing suggestions on the trend
of the requirements for large airplanes, has therefore been included for the information of designers.

84,01 AIRPLANE CATEGORIES,

At the eleetion of the applicant, an airplane may be certificated under the requirements for a particular category
according to the intended use of the airplane. Beections of this Part which affect only one particular category are
designated by a suffix added to the appropriate section numbers, as follows:

“iELd

Normal Category-—suffix ¢
Transport Category—suffix ‘“T"
Acrobatie Category—suffix “A”

All seetions not designated by a suffix are applieable to all categories, except as otherwise specified.

At this time the only category defined in Part 04 of the Civil Air Regulations identified by
means of the suffix system described by the text above is the transport category.

04.02 AIRWORTHINESS CERTIFICATE.

The airworthiness requirements specified hereinafter shall be used as a basis for the certification of airplanes:
Provided, That an airplane manufactured in accordance with, and conforming to, the currently effective aircraft
specifications issued therefor, will be eligible for an airworthinese certificate if the Administrator determines such
airplane is in eondition for safe operation: Provided, further, That an airplane which has not demonstrated compli-

ance with the airworthiness requirements specified hereinafter but which in the opinion of the Administrator, is in
condfl‘[tlon for safe operation for experimental purposes or for particular activities, will be eligible for an airworthiness
certificate.

An airworthiness certificate is a document issued by the CAA certifying that the aircraft is
considered airworthy when operated in accordance with the operation limitations {including re-
strictions, if any) listed on the Aireraft Operation Record attached thereto. There are three types
of identification mark designations, the NC, NR, and NX.

NC designation.—This type of identification mark is assigned to those airplanes which fully
comply with the airworthiness requirements of the Civil Air Regulations.

NR désignation.—This type of identification mark is assigned to those airplanes which comply
with the airworthincss requirements of the Civil Air Regulations except in some limited respect but
are in condition for safe operation for particular activities. In such cases the lack of compliance with
certain of the requirements will be compensated for by operation limitations and restrictions other
than those normally employed under the NC designation. Where possible, use should be made of
the NC designation; i. e., the NR should not be considered as a means of avoiding the necessity for
showing compliance with the usual airworthiness requirements. Further, the NR designation
should be applied only to aircraft which are incligible for the NC designation. In general, NR
sireraft will be those used in an industrial operation. However, each case will be handled on its
individual merits upon presentation of proper data to the CAA,

1



04,03
odadl ’ AIBRPLANE AIRWORTHINESS

NX designation.—This type of identification mark is assigned to those airplanes which have
not demonstrated compliance with the airworthiness requirements of the Civil Air Regulations,
but which in the opinion of an authorized representative of the Administrator exhibit ne apparent
unairworthy features and are in condition for safe operation for experimental purposes.

04.03 DATA REQUIRED.

When technical data are submitted as a basis for an airworthiness certificate they should include
information which, in conjunction with suitable inspection and test procedure, will enable the Ad-
ministrator to determine whether the aircraft is eligible for such certificate. All technical data
submitted by the applicant for the Administrator’s file will be held confidential and will be used
only in connection with the airworthiness rating of the airplane or airplanes to which such data
apply; provided, however, that the Administrator may at his discretion make such use of the con-
fidential data as is required in the interests of public safetv. Access to confidential data will be
provided to aceredited representatives of the holder of, or applicant for, & pertinent type certificate,
Confidential data will not be used for reference purposes in conbection with the repair, alteration
or remodeling of certificated airplanes by persons other than the holder of the pertinent type cer-
tificate without the written consent of such holder unless he is out of business or has given the Ad-
ministrator blanket permission for such use,

A technical data file for each model airplane for which a type certificate is desired is necessary.
This means that a complete file for each model is required to the extent that reference can be made
to previously submitted data for a similar model. When the Application for Type Certificate
and the Application for Production Certificate forms are submitted, they should refer to the par-
ticular models involved, When more than one model is covered by the technical data submitted,
separate applications for type certificate should be executed and forwarded for each model.

When data are subuutted to a branch office of the CAA, an extra copy of the three-view
drawing, main assembly and installation drawings, drawing lists, applications, reports, all elec-
trical systew data, including & running load analysis should be included for the Washington office
files. Failure to follow this procedure may lead to serious and undesirable delay for the manu-
facturer in the examination of data requiring the attention of the Washington office.

04.031 Data required for airworthiness certificate. When an airworthiness certificate is sought and a type
certificate is not involved, data which are adequate to establish compliance of the airerait with the requirements
listed hereinafter shall be submitted to the Administrator.

General—When an airworthiness certificate only is desired, the data required is dependent on
the particular problems involved in the design concerned. The minimum date needed as a basis
for the issuance of an airworthiness certificate for a single airplane for which a type certificate is no
sought or has not previously been issued, are as follows for the NC designation: .

@. A three-view drawing of the airplane, to a designated scale, specifying the external
dimensions, manufacturer’s designation, engine model designation, design weight, empty weight,
wing and control surface areas, seating arrangements, fuel and oil capacity, baggage capacity (in
pounds) and equipment supplied.

b, A complete explanation of the current status of the model girplane involved.

¢. Such additional technical dats as are deemed necessary by the Administrator. The
applicant is free to develop and present any means he can for showing compliance with the specified
requirements. Reports on satisfactory strength tests may be substituted for strength analyses.
In most cases it is desirable that a personal contact be made to supplement, the material presented
for consideration,

The above may, and usually will, also apply to an airveraft for which an NR identification mark
is desired, but will not in gencral, apply to an aircraft for which an NX identification mark is
desired, since airplanes in this latter designation may be certificated by a CAA representative
upon a satisfactory visual inspection only.

Service types.—In the case of service type airplanes, the additional data deemed necessary
will include at least the following:

a. A comparizon with the service type, describing the differences, if any.

b. Such drawings and technical data as are necessary to substantiate all of the differences
in the primary structures deseribed in accordance with a above.

¢. A copy of the Army or Navy specification(s) pertinent to the basic scrvice type.

d. Summary data, certified to by the Air Corps or the Bureau of Aeronautics, whichever
agency is involved, making clear the exact status of its final approval and acceptance of the service
type, particularly with respect to gross weight, design speeds, equipment, approved center of
gravity range, flutter and vibration, and flight characteristics. :

¢. One copy each of the complete drawing and equipment lists.

2



GENERAL 032

04.032 Data required for type certificate. Data which are adequate to establish complience of the aireraft
with the airworthiness requirements listed hereinafter and which are adequate for the reproduction of other air-
planes of the same type shall be submitted to the Administrator, The procedure for submitting the required data,
the technical contents of such data, and the methods of testing aircraft with respect to the prescribed airworthiness
requirements shall be in accordance with Civil Aeronautics Manual 04, Airplane Airworthiness.

As a basis for type certification the data listed in the following paragraphs should be submitted.

Drawings

1. A set of drawings should be submitted in blueprint form, or equivalent. Drawings should
be folded to a size approximately 9 x 127/, and should contain at least the following information:

@. The manufacturer’s designation of the original model to which each drawing applies.

b. All dimensions essential to the reproduction of an identical airplane in respect to structural
strength and dimensions,

¢. All dimensions essential for checking the structural analysis.

d. Specifications of all materiale used in the primary structure, including the guaranteed
physical properties in the case of materials the sirength properties of which are developed through
manufacturing processes, and specifications of all bolts, nuts, rivets and similar standard parts
essential to the strength of the structure.

e. Details of the primary structure, seating arrangement, exits, control systems, power-
plant installations, equipment installations, and other factors affecting the airworthiness of the
airplane, except that adequate photographs may be substituted for drawings of the powerplant
installation, including coohing and exhaust systems. Such photographs shall be made from marked
negatives indicating the dimensions and materials of the piping and fittings. In any case diagram-
matic layouts of the fuel and oil systems should be submitted.

1. Revision blocks stating the nature of the revision and the date it was made. The check-
ing of revised drawings of relatively large size will be expedited if the change letters are printed
in two perpendicular margins opposite the revision on the drawing in addition to being included
on the revision block. Each change must be adequately deseribed in the revision block of the
drawing unless it 13 so described In & copy of a shop change notice attached to the changed drawing
when submitting it to the Administrator for approval.

g. A three-view drawing of the airplane, to a designated scale, specifying only the external
dimensions of the airplane {including dimensions and areas of wing and control surfaces) and the
airplane and engine model designations. Do not include iterns of equipment on the three-view
drawing, as this serves no useful purpose, the equipment being covered by a separate list. Like-
wise, all references to performance should be omitted.

h. An clectrical wiring diagram and conduit instailation drawings containing information
pertaining to the rating, manufacturer’s name and the model designation of items of electrical
equipment,

2. Attention to the following list of frequently omitted items will be of assistance in expedit-
ing the work of the Administrator:

. Complete dimensions and references to all standard parts such as bolts, nuts and rivets

used in assembling a given part,

Adequate material specifications and bend radii on all shop drawings.

Leecation and details of control system pulleys and of control surface stops.

Suitable assembly drawings showing the method of assembly and calling out the detatl

parts required for all major installations,

é&de.qua\te drawings and descriptions of the operation retractable landing gear control
evices, .

J. Drawings to show provision for expansion in oil tanks.

9. Details of measuring devices for fuel and oil tanks,

k. Completc structural drawings of all compenents,

VI

[+

3. Whenever a drawing previously submitted for one model is also applicable without change to
a new model, an additional copy of the drawing is not required. However, as noted below, the
drawing list should include a reference to the particular model airplane for which the drawing was
originally submitted. Whenever the manufacturer’s drawing number system permits, all drawings
received by the Administrator are filed in & single consecutive file. The drawings list for each model
will in this case be filed separately according to the pertinent model. In this manner duplication
of files may be avoided.



064.032 AIRPLANE AJRWORTHINESS

Drawing List :

A drawing list should be submitted in duplicate, listing in numerical order or by suitable classi-
fication the number and title of each drawing submitted, The drawing list should include refer-
ences Lo all drawings originally submitted in connection with applications for airworthiness rating
of other models and which apply to the model in question without change. The drawing list should
also indicate, by letter, the latest revision of each revised drawing. In preparing the lists it is
desirable that the drawings be grouped according to the airplane component concerned such as
W(iing Group, Fuselage Group, ete.  Within each group the drawings should be listed in consecutive
order., '

In the case of large airplanes the list of drawings becomes very extensive. If the manufacturer
uses a straight numerical numbering system it may become necessary to supplement the official
drawing list arranged according to consecutive numbers by another list arranged according to com-
ponents and subassemblies. The latter hist will be used only as a ready reference for locating infor-
mation in the file and need not be kept up to date according to the latest drawing changes. Such
supplementary lists need not be submitted in duplicate.

When submitting data for approval of revisions to an approved file, the pertinent pages of the
drawing list should be attached in duplicate. The data of the latest revision should be noted on
the pertinent pages.

The drawing lists which are required to be submitted in duplicate for each approved file may
take various forms dependent upon whether the drawings submitted pertain to one or more models.
Sample lists to demonstrate an acceptable form for the usual cases invelved are shown below.,

SAMFPLE DRAWING LISTS

I. List when only one new model is involved.
MODEL 10 DRAWING LIST

- Originally
Dr%'mng Change Title submitted
- for model
Wing group
22001 B Frame asserubly, outer wing._____ .. ___. 10
22002 K Spar assembly, outer front__________ . _______________..___.__ 10

Fuselage group

Powerplant group—ete.

Latest Revision 7/21/44

I1. List when new model has only minor variations from previously approved basic model (10).
MODEL 11 DRAWING LIST '
With the exception of the drawings listed under ¢ and » below the drawing list of Model 10
applies also to Model 11.

a. Model 10 drawings not pertinent to Model 11. (See arrangement under I above.)
b. Drawings pertinent to Model 11 which are in addition to Model 10 list less group a above.
{See arrangement under I above.)
I11. List when new model is a major revision of a previously approved model or models.
MODEL 15 DRAWING LIST .

D . : Qriginally
TAWINE | Change Title ' submitted
No. ) for model

Wing group
25001 |__.____. Frame assembly, outer wing_._ . .o __-. 15
25002 1. _____ __| Bpar assembly, outer front_ __ .. _ .. L. el ... 15
25003 A Fitting, front spar, root attachment____________._ ... __ 10
25004 B Fitting, front spar, strut, ebe .o L ____ .. ___._. 11

Latest Rovision 3/27/44



Equipment Lists.

GENERAL

Lists specifying the equipment supplied with each airplane should be submitted. Theloecation,

weight and model designation of each item of equipment, including the additional weight necessary
for installation should be specified. A recommended form for equipment lists is shown below
This list shows a method of handling items in a simplified form which may include a number of
related models and which makes it unnecessary to prepare separate lists for each model.

RECOMMENDED FORM FOR EQUIPMENT LISTS
REQUIRED EQUIPMENT

Horlzontal Weights used on models
I\t;z;n Item Make and model arm from
datum ! A B a D E
1| NACACowl__.____ . __......... Drwg. No. 3900 .. ... —18 . 28.0 3L 33.0 a3.0
2a | Propeller—Wood . .| Hartzell66o™M __._____ 3 A
2h | Propeller—Fixed Motal . Curtiss 55501__
3 | Starter—Direct Electric. .. .| Eelipse E-80__..
4 | Generator—Engine Driven. Eclipse V=180,
5 | Btorape Batdery_________ Exide 6-T-8-7-1
6 | Battery Box_ | e
7 | Position Lights__ Grimes A___.__.....
8 | Lending Lights.. .. i Qrimes Retractable
9 | Insiruments:
a. Compass.
! b. Altimeter.
¢. Tachometer.
10 | Safery Belts (5)....________......... Rusco AE-200, ... ..o _____
11 ¢ Fuel Tanks—Two 35 gal_ ..| Drawing No. 39724 ..
12 | il Tanks—Qne 5gal.._. .| Drawing No. 39745
13| Bending e
M| Ol Cooler_.________._ . ... Drawing No. 17091, .
15 | Wheels (List tires whoen a special | Hayos 650 M. .. ..o ...
t¥pe or size s required).
16a | Carburetor Air Heater_____ ma—— Drawing No. 3201
16b | Carburetor Air Heater_._..._._.._.. Drawing Na. 32002,
OPTIONAL EQUIFMENT
| Total in-
. 4 st_a]ll!al;(ion Horizonial
Item Used on 'Weight{net Horizon
Ttem Make and model increasse | arm from
No. models over  datum!
required ~
itemms)
2 | Flares—Parachute_._ . I International Mark I 3-114 Minute Eleetrie_. ... All 17.0 106
21 | Extra 2(% gal. Tfuel tank (Plus 6 gal. oil tank—No in- | Drawing Ne. 39670 .. ____ ¢, D.E 12.0 4!
Crease).
22 | 8pecial Upholstering:
a. Leather ... Full Grain___ AN 3.0 45
b. Leather Seats only ' Full Grain.__. Al 1.0 11
23 | 8pecial Instruments:
a, Large Campass. . Pinncer Straitflight All 6.0 —13
b. Ehermocouple I Weston 602 (Single Lead). All L6 —-13
c. Bt
24 | Generators:
a. Engine driven:
1. B LE 702 RO e A, B 13 - 34
2. Boseh LETOAZ RA oo e e C,D,E —46.9 - 32
25 | Radio Equipment;
a. Receivers:
D RCA-AVR-T Borfes______ ... ... All 24 +9
{Chassiz and Power Supphyy. oo . o 18 —10
(Controls and Wiring) .o e 6.0 ...
! b Compasses:
| ROA-AVR-8 . ... e Al 64.0 20
. i {Chasais and Power Supply). e 43,90 15
{Hoop Assembly) . 10.0 40
(Controls and Wiring) 1.0 15

1 Dyistances measured aft of the datam are positive, thase forward are negativa.

plane.

In the checking of cquipment lists, particular attention is paid to ascertain:

¢. The effectz of the equipment installation on the aireraft structure. )
ascertaing that satisfactory analyses and drawings are submitted for such items as batteries, radios,
extra fucl tanks, flares, ete.;
b. That items for which approval is required, such as wheels, safety belts, etc., are of an
approved type; and .
¢. The effeets of the equipment installation weights on the longitudinal balance of the air-

{See “Weight and Balance Rep

ort,” p. 9.)

5
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The following information is often incorrectly or incompletely supplied in preparing the

required equipment lists, Careful attention to these details will prevent delays from this source.

a. The model designation of both propeller hub and blades should be speeified together

with the range in diameter for which approval is desired. Information regarding constant speed
control units, ete., should be included.

b. Optional fuel and oil tank instajlations should be specified with pertinent weishts, capac-
ities and locations thercof. When the horizontal arm of the fuel or oil in the tank is different
from the arm of the tank installation the list should include both arms,

¢.. Items which include a number of distributed parts, such as a radio, should be listed with
the installation weight and its arm for balance purposcs, but the location of the main units should
also be given.

d. Whaeels, tires and such items should be specified by model designation, name of manu-
[acturer and size, and the weights and horizontal arms should be given.

e. The weights of certain items such as position lights, safety belts, and special throttle
controls need not be specified but the list should include the model designation and name of manu-
facturer in order that it may be determined whether or not they are of an approved type.

f. For special items such as carburetor heaters, oil coolers, ete., which may not have a model
designation, the pertinent drawing number should be specified.

g. The weight of items of equipment should be given to the nearest pound.

Preliminary Weight and Balance Report

A report should be submitted in which the range of center of gravity locations for which
rating is sought is determined versus weight and with respect to suitable refercnee planes or lines.
This report determines the Cf positions and the weights to be used for design purposes. It should
include the Balance Diagram (shown in figure 1) and the Weight Table. If the limits of the final
range as determined during the Type Inspeetion appreciably exceed the design limits, use of the
final values should be substantiated insofar as they affect the design computations.

Balance Diagram

The balance report should include & diagram showing the location of the centers of gravity
of the component parts of the airplane and its contents, and the location of a suitable reference
chord for the wing system, and the loecation of the assumed center of pressure of the horizontal
tail. The locations of these items should be indicated by reference to suitable horizontal and
vertical planes.

A suggested form for the balance diagram for an eirplane in the one to five place size range
is shown m figure 1.

DATUM FOR

VERTICAL ARMS

STO .BO B3 40 -30 ‘2¢ -4 t0 g 30 40 §6 & TO &0 90 100 20 “o 160 ] 200 220 240
Gl 1 f ! ) I ] h 1 L | i L h | h i L . . H L 1 L i 1 P L I

Figure 1.—-Sample balance diagram.

The amount of detail necessary in preparing an acceptable balance diagram will vary con-
siderably depending upon the size of the project and the variations in possible loading conditions.
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When large variations in the amount of equipment are expected, it may be desirable to use a
separate equipment balance diagram. The Balance diagram should include the following:

a. Outline of the airplane (side view).

b. Horizontal and vertieal scales—Tor horizontal arms it is preferable that the datum be
chosen at some definite and accessible point on the airplane, such as a point at the leading edge
of the wing. This facilitates checking in the field. Distances aft of this point are generally
assumed as positive and those forward as negative. For vertical arms the datum may be chosen
at some arbitrary location below the extended landing gear, so that all distances arc up and positive.

¢. Ttem destignations.—These designations (usually numbers) should correspond with the
designation used in the weight table and, when possible, with the designations used in the equip-
‘ment, list and weight and balance reports. .

d. lem locations.—The various items ghould be shown in the proper location on the out-
line noted in (&) above. Such location may be indicated by a small circle together with the item
designation noted in (¢) above.

e. Dimensions.—The following should be given: (1} Length of MAC. (2) Horizontal dig-
tance from datum to the leading edge of the MAC. (3) Vertical distance from the datum to a
definite and accessible point on the airplane such as the centerline of the propeller.

For large airplanes, and especially airline aircraft having many possible loading conditions,
a more detailed balance diagram is necessary in order to permit a ready check of many of the
component items, The following method is suggested as one possible means of solving the prob-
lemn satisfactorily for praciieal use: _

a. Prepare an outline drawing (side view), with established vertical and horizontal reference
planes located relative to some fixed point on the airplane structure. Include certain additional
parallel auxiliary reference planes, called stations, desighated by their distance in inches from the
established reference planes. If possible, such station designations should agree with designations
normally used in specifying stations of the siructure and in locating various equipment of struc-
tural items shown on major assembly drawings or equipment installations,

b. In eases where it is not practical to show each item as an individual number on the
diagram, due to the large number of items involved, the CG’s of groups of related items may be
determined and each such €@ shown as a single 1tem on the balance diagram,

Weight Table

The balance report should include a table or list of the weights of all component parts of the
airplane and its contents. The weights shown in the table should be broken down and itemized so
that they may readily he used in the structural analysis reports of the individual components such
as Wing, Fuselage, Engine Nacelles, etc.

Structural Reports

A structural report should be submitted in which the strength of the structure is determined
with reference to the strength requirements specified. The structural report should include the
computations of the required limit loads and should demonstrate the ability of the structure to
develop the required factors of safety with respect to these loads either by analytical methods satis-
factory to the Administrator or by reference to authenticated test dala, or by a combination of
both. Note that the examination of reports can be discontinued in event that they contain errors
which render them unsatisfactory. In order to avold delays in the checking of data it is recom-
mended that all computations be given an independent check by the manufacturer and be signed
by both the original computer and the checker.

Structural Analysis

Computations submitted as part of the structural report should include a table, or tables,
mmcluding the minimum margins of safety computed for all structural members and should bear the
signature of the responsible engineer or engineers,

The history of past airplane model designs shows that in practically all cases the original
design weight is increased sometime during the life of the project. In order that the approval of
such changes may be handled without undue effort and resultant delay it is essential that each struc-
tural analyses report contain a table summarizing the minimum marging of safety determined in
the body of the report. ~ Such report tables should include the namc o% the element involved (such
as spar), design condition, margin of safety, and page number reference.

Test Reports

Test reports submitted as a part of, or referred to in, the structural report should bear the
signature of the Admimsirator’s representative who witnessed the tests, except in the case of minor
tests, in which case the applicant’s certification that the report accuratcly represents the complete
results of the tests will be accepted,
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In the preparation of tests reports submitted to Jhe Administrator as partial proof of a given

structure it is essential that they contain as a minimum the following information:

@¢. Determination of tests loads (including references to pertinent page and number of
stress analysis report).

b. Distribution of loads during test.

¢. Description and photographs of test set-up. (Detail views are necessary in some cases.)

d. Description of method of testing.

e. Results of tests, including photographs of structures found to be critieal. :

J. Log of deflection data. (Including sketches to show location of points at which the
deflections were measured.)

g. Curves of deflection vs. load for each such point to permit determination of any evidence
of permanent set.

h. Signature of Administrator’s representative(s) and manufacturing enginecer(s) who wit-
nessed the test.

. Signature of company engineer(s) responsible for test report.

Schedule for Submitiing Data

When submitting data for a type certificate for large projects that may require the attention
of the Administrator for an extended period of time, it is desirable that information as to the schedule
of approximate dates when the data will be received by the Administrator be forwarded at an early
date. A sample of a preferred schedule of this nature is shown below.

SAMPLE SCHEDULE FOR SUBMISSION OF MODEL 120 TECHNICAL DATA

1, Initiste Correspondenee Regarding Plans for New Project_________________________________ July 1, 1943
2. Conferences and Corregpondence re Special or Unconventional Features_ ____._____.___.___. August 1, 1943
3. Structural Research Data_____ .. January 1, 1944
4 Determination of Applied Loads_ __ e February 15, 1944
5. Preliminary Weight and Balance Report_ e February 15, 1944
6. Drawing and Equipment Lists..______________________ ... May 1, 1944
7. Wing Group_ . May 1, 1944
8. Engine Mount_ ... o May 1, 1944
9. Landing Gear._ e May 15, 1944
10. Tail Wheel _ _ .. o e May 15, 1944
11, Nacelle o May 15, 1944
12, Tall Group . _-June 1, 1944
13, Control System______._____.. __June 1, 1944
T4, FUuselafe . o o e June 1, 1944
15, Miseellaneons Tests_ .. oo With Pertinent Group

16. Control Surface and Control System Proof and Operating Tests; Dynamic Drop Tests_..._ October 1, 1944

Note. The above dates represent the best present estimate of the dates at which the reports with assembly and
detail drawings necessary for check can be subinitted to the Administrator.

Data for transport planes.—For airplanes to be certified in the Transport Category, the following

information, in addition to that outlined above, should be submitted at the carliest practicable date:

a. A drawing and sufficient description of the flap control to indicate its compliance with
the transport flap control requirements of 04.434-T,

b. A drawing of the trimming controls which will indicate the manner in which they comply
with the trim control requirements of 04.439-T.

¢. A drawing or diagram of the wheel brake system, together with an indication of the
element(s) to be considered “lost” for the purpose of showing compliance with the brake require-
ments of 04.445-T. Also, a description of the method to be used in demonstrating, with the
“lost” element(s) inactive, that at least 50 percent of the normal deceleration during landing
may be developed. .

d. A statement by the manufacturer of his approved maximum operating pressure or its
equivalent for the brake installed in the airplane. ' o

e. A drawing of the pilot’s enclosure showing azimuthal and vertical angles of vision with
respect to the longitudinal axis of the airplane and the angular orientation of this axis in respect of
the horizon for the normal ground attitude of the airplane; the attitude in a climb at the best
rate of climb speed with METO power on all engines; and the attitude during a glide at 1.3 Vss
with the airplane in the landing configuration and the throttles closed.

£. Ti 15 also strongly recommended that during this period a mock-up, which will include all
of the crew stations and simulate all of the controls and instruments to be used by the crew as well
as the windshield and any windows, be constructed by the manufacturer and made available to
the representatives of the CAA for examination.
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04,04 INSPECTION AND TESTS,

Authorized representatives of the Administrator shall have aceess to the airplane and may witness or eonduct
such inspections and tests as are deemed necessary by the Administrator. Prior to, or at the time of, presentation
of the airplane for official flight tests, the applicant for an airworthiness or type certificate shall submit to the
Administrator a detailed report of pertinent flight tests conducted, and satisfactory proof of conformity of the air-
plane with the technical data submitted to the Administrator.

For Type Certification.—The procedure for inspection and tests where type certification is
involved is outlined below.

For Airworthiness Certification.—The procedure for inspection and tests where an airworthiness
certificate only is desired and type certification is not involved will include such parts of the follow-
ing provigions as are deemed necessary by the Administrator.

0405 PROCEDURE FOR TYPE CERTIFICATION.
Aceeptable procedures for type eertification are outlined in Clvil Aeronautics Manual 04,

Examination of Data.

FPartial data.—The Administrator will examine partial units of the required technical data
provided that each such unit is complete in itself with respect to both analyses and drawings.

Discontinuance of exawination.—Examination of any technical data, including drawings,
submitted in connection with an application for airworthiness rating, will be discontinued if errors,
omissions, or lack of references are found which, in the opinion of the Administrator, render the
data unsatisfactory as a basis for proving compliance with the airworthiness requirements. The
examination will be continued upon correction of the date to the Administrator’s sstisfaction.
. Minor errors and omissions, the effects of which can be readily evalusated, will not constitute eause
of discontinuing examination of technical data.

Structural inspection.—An official representative of the Administrator will conduct such
inspections of the structure and methods of fabrication as are deemed necessary by the Adminis-
tmt(ir prior to completion of the airplane and will witness structural tests in compliance with these
regulations. .

ol Type inspection authorization.—A type inspection will be authorized upon fulfillment of the
ollowing:

ag Completion of examination of the structural repert and drawings and correction by the
applicant of all errors and omissions which, in the opinion of the Administrator, must be corrected
before authorization of the type inspection. :

b. Completion, and acceptance by the Administrator, of all structural tests required as part
of the structural report or to prove compliance with the requirements herein specified.

¢. Submission of the necessary test reports and their acceptance by the Administrator.

Type Inspection Procedure

The type inspection should consist of a ground inspection and a flight test of an airplane
built to conform with the technical data previously submitted and approved and on which the
authorization of the type inspection was based. The following subparagraphs should be complied
with in connection with the type inspection.

Statement of conformity—The manufacturer should present to a designated inspector of the
Administrator a certified statement of conformity, upon a form to be supplied by the Administrator,
in which his chief engineer or other responsible technical representative should certify that the
airplane submitted for type inspection has been manufactured in accordance with the latest tech-
nical data submitted to and approved by the Administrator (including all revisions and additions
required by the Administrator in connection with suthorization of the type inspection} except for
any deviations therefrom, which should be listed and described.

Weight and balance report—The airplane should be weighed and its balance determined in the
presence of an authorized CAA representative, and the manufacturer should submit to such repre-
sentative a complete report covering the determination of the weights and center of gravity loca-
tions for which certification is desired. A datum should be selected which can be easily identified
by one unfamiliar with the airplane and which can be included in the aircraft specification.

A recommended form for weight and balance reports is given in Appendix I1. This report is
based upon the actual weight of the airplane and the loadings as flown in the type tests. 04.7
should be noted in connection with this section.

Applicant’s flight test report.—Prior to, or at the time of, presentation of the airplane for flight
tests, the applicant should submit to the Administrator’s representative a detailed report of flight
tests of the airplanc involved. This report should be signed by the applicant’s test pilot who
should certify that the airplane has been flown by him in all maneuvers necessary for proof of com-
pliance with the flight requirements and found to conform therewith, except that for very large

9



04.06 AIRPLANE AIRWORTHINESS

airplanes this procedure may be modified as deemed necessary by the Administrator. In order
to expedite checking of this report it is advisable that the results of the applicant’s flight tests be
recorded on a form of the type used by the Administrator in connection with the required flight
tests. Copics of this form may be obtained from the Administrator’s engineering inspector.

Ground inspection.—Before conducting any flight tests, the CAA representative will complete
the ground inspection to determine that all items affecting the safety in flight have been found
satisfactory. Prior to presenting the aircraft for certification, it is suggested that the applicant
use & form of the type used by the Administrator, and check the aircraft for the purpose of verifying
that all items are satisfactory for presentation. Copies of this form may be obtained from a CAA
engineering or factory inspector,

Flight tests.—The airplane will be subjected to such flight tests as are neccssary to prove
compliance with the flight and operation requirements specified in 04,7 and to supply the pertinent,
information required upon the form specified for flight test reports.

Inscontinuance of type inspection.—If during any part of the ground inspection or flight test
there is noted any unfavorable characteristic or defect which is considered sufficiently serious by
the CAA representative to warrant discontinuing the type inspection until corrcctive measures
have been taken by the applicant:

a. The CAg representative will note each unsatisfactory item upon a form supplied for the
purpose, with sufficient detail so that it will be clear to all concerned.

b. One copy of such form will be transmitted to the manufacturer.

¢. The manufacturer should advise the Administrator when the aircraft incorporating the
required changes will be available for continuance of the type inspection.

d. The manufacturer should furnish the Administrator with technical data descriptive of
all structural changes, except those of an obviously minor nature, such changes to be substantiated -
by test, if necessary, and approved prior to resuming the type inspection.

Issuanee of aircraft specification.—Upon satisfactory completion of all reports, tests and in-
spections required to prove compliance with the airworthiness requirements of the Administrator,
an Aircraft Specification will be issued for the type and model of the airplane in question. The
Aircraft Bpecification will certify as to the airworthiness of airplanes of the type in question when
manufactured and maintained in accordance with the provisions noted thereon.

The purpose of the aircraft specification is to deseribe the airplane and the conditions on which
it is certificated as a type for the information of inspection personnel in certificating individual
airplanes. The form and contents of these specifications arve the responsibility of the Adminis-
trator. Iowever, applicants may be given an opportunity to comment on preliminary drafts
of the specifications and their comments will be given consideration when the final specifications
are drafted.

Issuance of type certificafes—A type certificate such as is described in CAR 02 will be issued
to the applicant upon compliance with the requirements therein.

Authenticated date—As a part of the type certificate, the Administrator will furnish the
applicant, upon issuance of such certificate, one set of drawing lists on which the seal of the Ad-
ministrator is impressed. These lists will show acceptance of the drawings as partial proof of
the airworthiness of the type of airplane to which they apply.

04,06 CHANGES.

Changes to certificated aireraft shall be substantiated to demonstrate continued cormpliance of the aircraft
with the pertinent airworthiness requirements. :

Change, repair, or alteration of individual certificated airplanes—Change, repair or alteration
of a certificated airplane renders such airplane subject to re-certification as to airworthiness in
accordance with CAR 18, but does not affect the type certificate on which the airworthiness
certification may have been based. As a general rule extensive revisions of the primary strue-
ture should not be undertaken without the cooperation of the airplane manufacturer. Changes
which appear to be unimportant might seriously affect the structural safety or flying qualities,
making the airplane unsafe. The manufacturer is supplied with complete strength calculations
from which information regarding the approved member sizes and material specifications can be
obtained. Also, the manufacturer may have already obtained the Administrator’s approval of
the proposed change. )

Changes by holder of type certificate.—The holder of a type certificate should apply for approval
of any specific change or revision of the approved drawings or specifications which affect the air-
worthiness of the airplane and should submit sufficient technical data in the form of strength.
calculations and strength tests, or both, to demonstrate continued compliance with the airworth-
iness requirements hereinafter specified. Corrected pages of the drawing lists, in duplicate,
should also be submitted. Alternate installations should be so designated and properly indicated
on the drawing lists. If, in the opinion of the Administrator, the changes are such as to affect
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the performance or operating characteristics, appropriate tests may be required. Upon satis-
factory proof that the revisions do not render the airplane type unsirworthy the Aircraft Speci-
fication may be modified to include airplanes embodying the approved changes and sesled copies
of the revised drawing list pages will be returned to the applicant. The manufacturer should
maintein a record of the airplane serial numbers to which the changes apply.

Changes by persons other than holder of type certificate~~—Changes sueh as described above,
when made by persons other than the holder of the type certificate, are also subject to the pro-
cedure outlined above, exeept that the written consent of the holder of the type certificate should
be obtained if it is desired to refer to technical data originally submitted to the Administrator
in connection with type certification. With the consent of both the person making the change
and the holder of the typce certificate, all airplanes manufactured under the type certificate may
be made eligible for such change by an appropriate revision of the pertinent Aircraft Specification.

04.060 Minor changes. Minor changes to airplanes being manufactured under the terms of & type certificate
and which obviously do not impair the condition of the airplane for safe operation may be approved by authorized
representatives of the Administrator prior to submittal to the Administrator of any required revised drawings.
The approval of such minor changes shall be based on the airworthiness requirements in effeet when the particular
airplane model was originally ecertificated, unless, in the opinion of the Administrator, compliance with current
airworthiness requirements iz necessary.

The procedure to be followed in obtaining approval of minor changes to airplanes manufac-
tured under the terms of a type certificate will largely depend on the nature of the change involved.
As soon as time will permit additions will be made to this manual covering certain specific changes
in addition to that covered below.

When a tail wheel and tires are appended to a previously approved tail skid installation and the
original provisions for shock absorption are left intact, the following procedure should be followed
in obtaining approval of the change:

@. Submit the usual file drawings.

b. Substantiate the strength of skid strueture and attachment to the fuselage if the point
of contact with the ground of the proposed wheel installation is forward of the tail gkid shoe con-
tact point. For installations where the contact points coincide or the wheel iz to the rear of the
skid contact point, no structural investigation is required unless such procedure appears necessary.

¢. Obtain inspection of installation and weight check by a representative of the Adminis-
trator,

d. Obtain recheck of landing and taxiing characteristica by a representative of the Ad-
ministrator. No investigation of the status of the tire, strength of the wheel attachment to the
skid, or the energy absorption capacity need be made.

04.061 Major changes. Major changes to airplanes being manifactured under the terms of a type certificate
may require the issuance of a new type certificate and the Administrator may, in his discretion, require such changes
to comply with current airworthiness requirements.

Major changes in existing designs will usually entail an appreciable expenditure of time and
money on the part of the applicant for approval. Care should therefore be taken to determine
the status of such changes with respect to the pertinent regulations, prior to any extensive rebuild-
ing or conversion. '

Installation of an engine of a type other than that covered by the original type (or approved type)
certificate '

1. Tt is generally understood that the purpose of most changes involving the installation of an
engine of a type olher than that covered by the original approval is to permit full advantage to he
taken of improvements in engine performance which do not involve a material inercase in engine
weight. This is of direct benefit to the operator of the airplane, as it increases safety of operation
and/or performance by improving take-off, climb, single-engine performance, true cruising speeds
at altitude, engine reliability, and engine life between overhauls, with few (if any) changes in the
aircraft structure. It should be carcfully noted that these benefits will be difficult to obtain if the
changes made require or involve an increase in the originally approved airplane gross weight or
placard speeds. If the changes result in an increase in placard speeds, it will be necessary in any
event to retnvestigate the structure for compliance with the fiutier prevention measures referred
to in 04.404. Belore making a change in engine it is always advisable for an owner to contact
the manufacturer of the make of airplane involved to learn if the proposed change has ever been
approved by the Administrator. If there is a record of approval, it is often a relatively simple
matter to revise the airplane to conform with the manufacturer’s approved data.

2. The general procedure to be followed, when the rated power of the engine to be installed
exceeds that originally used for design purposes or exceeds the rated power of the engine being
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replaced, is described in the following paragraphs. It consists, briefly, in substantisting the strength
of the engine mount and adjacent structure for the take-ofl {one minute) power and for the local
increase in weight, if any, and in limiting the engine output and indicated speeds for subsequent,
posting in the aircraft. The engine placard limits differentiate between the power permitted for
continuous operation {maximuimn, except take-ofl}, and that which has been approved for take-off
only (take-off, one minute). The following procedure applics to modifications of existing designs
but the principles will also apply to new designs under consideration.

3. To expedite handling and to reduce the usual exchange of correspondence to & minimum,
the applicant for approval of the change should always supply a complete description of the pro-
posed engine replacement, When an individual airplane is being modified it should be identified in
the correspondence as to name of manufacturer, model designation, manufacturer’s serial number
and identification mark. In addition, a new or revised airplane model designation should be selected
to distinguish it from the original model. The current status of the engine to be used, with respect
to CAR 13, should be determined prior to the completion of any extensive changes. CAA field
inspection personnel are supplied with this information and they will assist in the determination of
the status of the engine in question. Copies of the approved engine specificaiion can be obtained.
from CAA Information and Statistics, Department of Commerce, Washington 25, . C. If the
details of the powerplant installation are affected, note that the pertinent requirements specified in
paragraph 1 (e), page 3, and 04.6 call for certain approved file data.

4. The data submitted should include a comparison of the weights of the original and proposed
engine mstallations. Appendix I of the “Repair and Alteration Manual’’ will be found useful in
rechecking the balance. The aircraft specification, copies of which can be obtained from CAA
Information and Statistics, includes the approved center of gravity range.

5. Changes in engine mount structure and the local effects of an increase in engine weight must,
of course, be investigated. The extent of such investigation will depend largely upon the amount
of increased power the applicant desires to use in take-off {one minute) and the remaining opera-
tions. See 7 below for references to operation limitations, See “‘Drawings,” p. 3 for the information
reguired on drawings submitted covering the changes made.

6. Airspeed placard limits.—There are some certificated airplanes in service which do not
display the placard speeds specified in the current requirements. These airplane models were
approved prior to the application of the 1934 edition of Aeronautics Bulletin No. 7-A in which the
requirements for airspeed placards first appeared in the airplane regulations. In these cases when
the rated power df the engine being installed exceeds that of the engine installation originally
approved, the following airspeed limits should be displayed:

a. Level Flight or Climb: Vi.
b. Glide or Dive: 1.2V;. V; is the actual indicated high speed in level flight obtainable
with the power of the engine originally used. -

If the applicant for approval wishes to raise these placard limits, there are no objections to his
investigation of the case. The current requirements will serve as a guide for determining which
components of the airplane and pertinent loading conditions or design criteria involve a considera-
tion of design airspeeds. For cases in which airspeed placard limits were determined as part of the
original approval, the use of an engine with rated power in excess of that eriginally used for design
purposes will not requive changes of the original airspeed placard limits. However, as previously
mentioned, an attempt to increase these placard speeds will represent a revision of the basic struc-
tural design data and as such will usually require an appreciable amount of reinvestigation for pur-
poses of determining whether the airplane structure can withstand the air loads incident to the
increased performance. As a rule only the airplane manufacturer or an experienced engineer can
efficiently make the necessary investigations. The Administrator does not initiate such studies.

7. Engine placard limits —The airplanes discussed in the first part of 6 above in most instances
do not display the engine placard limits specified in the current requirements. In these cases when
the rated power of the engine being installed exceeds that of the engine installation being replaced
the following engine operation limits should be displayed:

@, Maximum, except take-off horsepower, not to exceed the output of the originally approved
engine installation which is being replaced.
b. Take-off (cne minute) horsepower, limited by:
{1} Approved take-off rating of engine. See 04.60, CAR 13 and approved engine speci-
fication.
(2) Status of propeller used. See 04.61, CAR 14 and approved propeller specification.
(3) Strength of engine mount structure. See 04.26.
(4) Fuel flow capacity. See 04.625.
(5) Engine cooling requirements. See 04.640.

For cases in which engine placard limits were determined as part of the original approval of .

the airplane, the use of an engine with rated power different from that of the engine being
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replaced will require the display of new placard limits corresponding with the maximum permissible
output determined by the following:

Maximum, except take-off horsepower, limited by: :

(1) Approved rating of engine. See 04.60, CAR 13 and approved engine specification,
{2) Status of propeller used. See 04.61, CAR 14 and approved propeller specification.
(3) Strength of engine mount structure. See 04.26.

(4) Fuel flow capacity tests. See 04.625. (There are a few supercharged installations
for which the maximum, except take-off, rating is greater than the take-off rating.
Therefore, the maximum, except take-off power, 1s used in determining the fuel
flow required.)

{5) Full power longitudinal stability characteristics with rearmost center of gravity. -

(6) Engine cooling tests. See (4.640.

(7) Design power used in original analysis.

Take-off (one minute) horsepower, limited by items listed in (1) to (5) above.

8. Fnspection and flight tests.—Following receipt and approval by the Administrator of file
data satisfactorily accounting for the change in engine as discussed in the foregoing paragraphs,
the usual inspection and a recheck of certamn flight tests will be anthorized. The extent of the
flight, tests will depend upon the nature of the replacement with respect to the original approval.

9. Tt will be of interest to designers to note that provision for future increases in engine power
and airplane performance can easily be made in the original design by the following methods:

a. Assume a power loading of 12 pounds per HP in determining the maneuvering load
factors. {(See figure 8.)

b. Design the engine mount, adjacent structure, and powerplant installation for the maxi-
mum power which might possibly be used in the future.

c. Assume a design level speed (Vy) considered high enough for all future operations. In
this connection it should be noted that speed placards refer to “indicated’ airspeeds and that the
i:orrfsponding actual airspeed may therefore exceed the placard speed at altitudes above sea
evel.

Conversion of approved type landplane or seaplane to approved skiplane status

There are two distinct steps involved in obtaining the Administrator’s approval of an air-

plane equipped with skis. These are as follows:
- a. Approval of the ski model.

b. Approval of the airplane equipped with approved skis.

It should be noted that the approval of a ski and the approval of a ski installation are two
separate cases. The Administrator’s approval of a ski for a specified static load for quantity
production under a type certificate does not imply approval of the ski installed on any certificated
airplane. 1t means only that the ski itself is satisfactory. This is true also in the case of a single
set. of skis where no type certificate is involved.

Approvel of the ski model—The strength of all skis must be substantiated in accordance with
the requirements contained in CAR 15 (see also Manual 15) before they may be used on certifi-
cated aircraft, whether or not the designer or manufacturer desires to obtain a type certificate for
the skis. The procedure for obtaining an approval for skis is explained in CAR 15.

Approval of an airplane equipped with approved skis—Certain airplane models are already
approved with certain specific approved skis installed. The owner of a certificated airplane of
some such model wishing to install skis, need only install skis of the model with which airplanes
of hig model are approved and his airplane will be approved with the skis installed, upon the satis-
factory completion of an inspection of the installation by a CAA representative. Should changes
in the landing gear be necessary to accommodate the skis, the owner, of course, must make the
changes in accordance with the change data approved by the Administrator. If the airplane is
of 2 model which has not been approved with the installation of skis of the particular approved
model it is desired to install, the procedure hercinafter outlined should be followed:

. Technical data showing any changes in the landing gear should be submitted to the
Administrator for approval. This is not often necessary, as skis are usually designed io attach to
the axles In place of the wheels.

4. Upon approval of the change data, if any, the installation must pass a satisfactory inspec-
tion by a representative of the Administrator.

e, During this inspection, the representative will obtain the weight of the ski installation
and the weight of the wheel installation which has been replaced.

d. Upon completion of a satisfactory inspection, the representative will witness take-offs
and landings, and other demonstrations if deemed necessary, of the airplane equipped with skis.
The characteristics of the airplane equipped with skis must be acceptable to the Administrator’s
representative.

619215° 452 13
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If the airplane inspected and tested is s standard airplane of a certain model and the skis
ingtalled are approved under a type certificate and manufactured under a production certificate or
if the skis are manufactured under an approved type certificate, all airplanes of this model will be
considered eligible for approval when equipped with skis of the model installed on the airplane
inspected. The aircraft specification will identify the approval accordingly.

If the skis installed are not approved under an approved type certificate or were not manufac-
tured under a production certificate, each airplane so equipped must undergo the tests of d above
ij} order to be eligible for approval. The notes on the pertinent aircraft specification will list this

1stimction.

04.062 Changes required by the Administrator. In the case of aircraft models approved under the airworthi-
ness requirements in effect prior to the euwrrently effective regulations, the Administrator may require that aireraft
submitted for coriginal airworthiness certification eomply with such portions of the currently effective regulations
as are constdered necessary.,

De to revised regulations.—The type certificate permits produetion of aircraft under the terms
of the airworthiness requirements in effect at the time of the type approval. Due to progress in
the art, however, it may be advisable in rare cases, to require that airplanes being bult under a
type certificate be made to conform with a requirement made effective subsequent to the issuance
of the type certificate.

Due to unsatisfactory service experienced.—When unsatisfactory experiences are encountered
in service it i3 the normal procedure for the manufacturer to prepare a service bulletin and forward
it direet to the aireraft owners.  Such service bulletins are ususlly prepared in cooperation with the
Administrator, When the difficulty encountered is of sufficient importance to requireim mediate
action an Alrworthiness Bulletin is prepared by the CAA and is sent by registered mail to all owners
to advise them of the nature of the difficulty, the corrective steps to be taken, and requesting them
to contact an authorized CAA representative regarding approval of the changes made. In addition
an Airworthiness Directive is generally issued as a final check to insure that the particular item
has been corrected by the time of the annual inspection.
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4.1
04.110

04,1 DEFINITIONS

04,100 Weight, W. The total weight of the airplane and its contents.

04.101 Design weight. The weight of the airplane assumed for purposes of showing compliance with the
struetural requirements hereinafrer specified.

04.1010 Minimum design weight. Weight empty with standard equipment, plus erew, plus fuel of 0.25 lb.
per maximum {except take-off) horsepower, plus oil as per capacity.

04.102 Standard weight. The maximum weight for which the airplane is certificated as complying with all
the airworthiness requirements for normal operations.

04.103 Provisional weight. The maximum weight for which the airplane is cerfificated as complying with the
airworthiness requirements as modified for scheduled air carriers in §04.71.

04,102 Design wing area, §. The area enclosed by the projection of the wing outline, including ailerons and
flaps but ignoring fairings and fillets, on a surface containing the wing chords.  The outline is assumed to extend
thraugh nacelles and through the fuselage to the plane of symmetry.

In computing the design wing area
the plan form of tapered or elliptical
wings may be represented by a number
of trapezoids closely approximating
the actual plan form and having an / \
equivalent area.

Trailing edge cut-outs may in general
be neglected if they do not remove more
than onec-half the chord.

The application of 04.104 to several
typical cases ig illustrated in figure 2,

7 7 - - .

L_LESS THAN .SCHOR

04.105 Design Power, P. The {otal engine
horsepower chosen for uge in determining the
manuevering load factors. The eorresponding
engine output will be incorporated in the air-
craft certificate as & maximum operational
limitation in all flight operations other than
take-~ofl or climbing flight. (See § 04.744.)

For airplanes of less than 2,000
pounds standard weight the design
power should not be less than the maxi-
mum except take-off rating of the engine
instaled.

In the case of airplanes having stand-
ard weights of 2,000 pounds or more,
there are no specific restrictions in \1

regard to the choice of design power.

. DESIGN WING AREA IS
04,106 Design wing loading, W/S. The . OUTLINED BY SHADED LINE
design weight (§ 04.101) divided by the design Figure 2. Typlcal design wing areas.

wing area (§ 04.104).

04.107 Design power loading, W/P. The design weight (§ 04.101) divided by the design power. (See §04.105
and figure 8.)

04.108 Air density p. The mass density of the air through whieh the airplane is moving, in terms of the weight
of a unit volumne of air divided by the acecleration of gravity. The symhal p, denotes the mass density of air at sea
level under standard atmospheric conditions and has the value of 0.002378 slugs per cubie foot. (See § 04.130 for
definition of standard atmosphere.) ’

04.108 True airspeed F. The velocity of the airplanc, along its flight path, with respect to the body of air
through which the airplane is moving,

04.110 Indicated airspeed, V. The true airpseed multiplied by the term Volog (See §04.108)

For stress analysis purposes all airspeeds are expressed as “indicated’’ airspeeds. The “indi-
cated” airspeed is defined as the speed which would be indicated by a perfect airspeed indicator,
namely: one which would indicate true airspeed at sea level under standard atmosphere conditions.
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04.111 Design level speed, V;, The indicated airspeed chosen for use in determining the pertinent structural
loading conditions, This value will be incorporated in the aircraft certificate as a maximum operational limitation
inlevel and climbing flight. (See § 04.743.)

In the case of airplanes of less than 2,000 pounds standard weight the high speed in level flight
at design power should not exceed the value chosen for V,. Performance calculations based on
actual flight test data will be acceptable to substantiate the value of 1} selected if it is found to be
impractical to conduct tests at design power.

For airplanes having standard weights of 2,000 pounds or more, there are no specific Testrie-
tions in regard to the choice of design level speed.

04.112 Design gliding speed, ¥,. The maximum indicated airspeed to be used in determining the pertinent
structural loading conditions. (See §§ 04.211 and 04.743.)

The equation given in 04.211 for the minimum value of ¥, provides for the following factors

@. Probability of exceeding the high speed in level flight. (V, can never be less than V).

b. Effect of eleanness and weight on the gliding epeed which can be attained at a given glid-
ing angle. Both these quantities are included in the term V7,. Propeller drag at terminal speed is
not allowed for as the formula will not give values of V, high enough to cause the propeller thrust to
reverse in direction.

¢. Influence of airplane size on the maximum speed likely to be used. The factor K, is an
empirical factor based on the weight of the airplane. Its purpose is to provide higher design glid-
ing speeds for small, highly-maneuverable airplanes.

04.113 Design stalling speed, ¥,. The computed indicated airspeed in unaceelerated flight based on the
maximum lift coeffielent of the wing and the design gross weight, The effects of slipstreams and nacelles shall be
neglected in computing V,. When high-lift deviees are in operation the corresponding stalling speed will be denoted
by Ve

04.114 Design flap speed, ¥V, The indicated airspeed at which maximum operation of high-lift devices is
assumed. (See §§04.211 and 04.743.)

04.115 Maximum vertical speed, V,,.. A fictitious value of indicated airspeed computed for unaccelerated
flight in & vertical dive with zero propeller thrust.

04.116 Design maneuvering speed, V,. The indicated airspeed at whieh maximum operation of the control
surfaces is assumed. (See §04.211))

The. equation given in 04.211 for V, is intended to provide for the following factors:

@. V, cannot be less than the minimum speed of level flight.

b. Assuming that the size of the control surfaces is governed largely by the necessity for
adequate control at the minimum specd, the formula tends to reduce the unit loading for the larger
control surface areas required when the stalling speed is low.

e. The high speed of the airplane is included in the formula as a general measure of the
magnitude of the maneuvering speed, so that the unit loading will be increased with an increase in
high speed.

& pd. The factor X, is an empirical factor to provide for the more severe maneuvers likely to be
experienced by small airplanes. This factor is adjusted so as to make the control surface loadings
for average airplanes agree approximately with those known to be satisfactory from past experience.

04.117 Design gust velocity, U. A specific gust velocity assumed to act normal {o the flight path, (See
§ 04.2121)

04.118 Dynamic pressure, g. The kinetic energy of a unit volume of air,
g=%pV? (in terms of true airspeed).
=15, V2 (in terms of indicated airspeed),
=V2{301 pounds per square foot, when V is miles per hour indicated airspeed.
(See § 04.108 for definition of g.)

04.119 Load factor or acceleration factor, n, The ratio of a load to the design weight. When the Ioad in
guertion represents the net external lpad acting on the airplane in a given direction, n represents the seceleration
factor in that direction.

04.120 Limit load. A load {or load factor, or pressure) which it is assumed or known may be zafely experi
enced but will not be exceeded in operaticn.
04.121 Factor of safety, j. A factor by which the I{mil loads are multiplied for various design purposes.

04.122 Ultimate factor of safety, j.. A specified factor of safety used in determining the maximum load which
the airplane structure is required to support.
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04,128 Yield factor of safety, j,. A specified factor of safety used in connection with the prevention of per-
manent deformations,.

04.124 Ultimate load. A limit load multiplied by the specified ullimate [actor {or factors) of safety. (See above
definitions and § 04.200.)

04.125 Yieldload. A limif load multiplied by the specified yield factor (or factors) of safety. (See above
definitions and § 04.201.)

04.126 Strength test. A static load test in which the ultimafe loads are properly applied. (See § 04,200 and
§04.3021.)

04.127 Proof test. A static load test in whieh the yield loads are properly applied for a period of at least one
minute. (See §(04.201.)

04.128 Balancing loads. Loads by which the airplane is placed in a state of equilibrium under the action of
external forces resubting from specified loading eonditions. The state of equilibrium thus obtained may be either
real or fictitious. Balancing loads may represent air loads, inertia loads, or both,  (Sce § 04.2210.)

04.129 Aerodynamic coeflicients, 'y, Cy, CP, etc. The coefficients hereinafter specified are those of the
“absolute’” (nondimensional) system adopted as standard in the United States. The subseripts N and C used
hereinafter refer respectively to directions normal to and parallel with the basic chord of the airfoil section. Other
subseripts have the usual significance. When applied to an entire wing or surface, the coefficients represent average
values and shall be properly correlated with local conditions (load distribution) as required in § 04.217.

04.130  Standard atmosphere (standard air). Standard atmosphere refers to that variation of air conditions
with altitude which has been adopted as standard in the United States. (See any aeronautics text book or hand-
book, or NACA Technical Report No, 218.)

04.131 Primary structure. Those portions of the airplane, the failure of which would seriously endanger the
safety of the ajrplane.

This includes such items as contrel systems, fittings, anxiliary members used to support or
strengthen other members carrying direct loads, covering of wings and control surfaces, etc., in
addition to the mam load carrying structure.
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Figure 3.—Variation of fuselage drag area with gross weight.
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Aerodynamic center, A. C.! The point on the wing chord, expressed as a fraction, about which the moment
coefficient is substantially constant for all angles of attack. The theoretical location is at 25 percent of the chard.
The actual location may differ from the theoretical location and may be determined from the slope of the moment
coefficient curve as outlined under ““Computation of Additional Characteristics,” page 22.

Drag area.! The area of a hypothetical surface having an absolute drag coefficient of 1.0.

Equivalent Drag Area, Sp.t The drag area which, at a given value of dynamic pressure, will produce the same
aerodynamie drag as the body or combination of bodies under consideration. (Note: Sp=1.28 Sg, where 8¢ is the
equivalent flat plate area). Sp,—estimated total drag area ab high gpeed, in square feet. When the value of Vg
iz known or has been estimated, Sp, can be determined by solving Eq. 16 for d. When it is desired to estimate Sp,
first in order to compute the value of Vi, the equation 8p,=Sp,+ CsS, can beused. 8, refers to the total wing ares
exclusive of the area replaced by the fuselage and Cp can usually be assumed to be the minimum wing drag ceefficient-
Typical values of Sp, (Drag area of airplane less wing) are given in figure 3.

Margin of safety, M. 8.! The margin of safety is the percentage or fraction by which ultimate strength of a
member exceeds its ultimate load. A linear margin of safety is one which varies linearly with the ultimate load. A
nonlinear margin of safety is one which is based on stresses which are not proportional to the ultimate load. A
nonlinear margin of safety is not a true measurs of the execess strength of a mciber,

STANDARD SYMBOLS

a—position of aerodynamic center, fraction of chord; subscript ““ actual.”
@. e,—aerodynamic center.
b—distance between spars, fraction of chord; span of wing.
(—chord, feet; coefficient; constant; subscript, “chord.”
(P—center of pressure, fraction of chord.
CG—center of gravity.
D—sgubsgeript “drag.”
d—drag loading, 1bs/sq. ft.
e—unit wing weight, lbs/sq. ft.
f—unit stress, 1bs/sq. in; front spar location, fraction of chord; subscript, “fuselage”,
g—acceleration of gravity (=32.2 ft/sec.?); subscript “gliding”.
HP—horsepower, :
h—distance measured perpendicular to AMAC, in terms of MAC.
t—subseript “induced”.
j—position of wing O, fraction of chord; factor of safety.
K—a general factor,
L—subscript “Lift” or “level™.
M—moment, ft./lbs; subseript ““ moment’’, :
m—slope of lift curve, ACy/radian; moment divided by W; subscript “maximum vertical””,
MAC—mean aerodynamic chord.
MS—margin of safety.
N—subscript, “normal force.”
n—load In terms of W (net value equals acceleration factor). Without subseript n refers to
an applied load normal to the basic wing reference chord. With subscript “2”, n refers
to an applied load parallel to the basic wing reference chord. (See figure 17.)
o—subscript, “zero lift”, “initial”, “standard sca level”.
P—design power; load, bs.
p—power loading, lbs./HP.
g—dynamic pressure, lbs./sq. ft.
R-—resultant force or reaction, lbs.; aspect ratio; subscript “resultant”.
_ r—rear spar location, fraction of chord.
S—design wing area, sqg. ft.
s—wing loading, 1bs./sq. ft; subseript, “stall”,
Sp—equivalent drag area, sq. ft.
Sg—equivalent fiat plate area, sq. ft.
T—tail load, 1bs.
f—subscript ““ tail”.
U—gust velocity, ft./sec.
u—subscript “ ultimate’.
V—airplane speed, mi./hr.
p—airplane speed, It./sec.
W—total weight of airplane and eontents, Ibs.

[

w—unit pressure, 1bs. sq. ft.; subscript “wing”’.

1OAA definition.
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w—average unit pressure, 1bs./sq. ft.
z—distance measured parallel to MAC in terms of MAC; subscript.
y—subscript, ¢ yield”.
a—(alpha)-—angle of attack, radians or degrees.
. f—(beta)—flight path angle, degrees,
A—(delta)—increment.
7—(eta)—rpropeller efficiency.
p—{rho)-—maszs density of air,

STANDARD VALUES AND FORMULAS
Air Density

1. po=.002378 slugs (Ibs./32.2)/cu. fi. (standard sca level value),

Dynamic pressures:
2. g=1/2 p, V'
=.00119 »? (where #; is “indicated” speed, {ps.)
=.00256 V2 (where V, is “indicated” speed, mph.)

Basic airplane parameters:
3. s=W/§
4. p=WiHP
5. d=W/S, (The value of “d” should be the same as that used in, or determined from, Eq. 16.)

Aerodynamic coefficienis:
6. OR""_: (CL2+ Onz) *
7. CN=0L cos CE+OD SiIl 4
8. (,=—0C,sin a+, cos a (positive rearward)
9. Oy =Cy&—CP) (Where z is the distance, from the leading edge, of the point on the chord
a}}alou(ti )Which the moment is computed, expressed as a fraction of the
chord).

Forces, unit loadings, and couples:
10, F,=§’,Sq {Where z may be R, L, D, N, (, or M)
11. F,=8,¢
12. M==F .C (torque or couple)
=C.8¢0
13. w=0Ouy
14, a=F/W
15. Fp,=38759HP JV, (propeller thrust, pounds)

Speeds:
16. V,,=52.7(nd/p.)* (po/p,)* (mph)=actual air speed at air density p,.
17. V,=19.76(s/C, max)"* {(mph)=indicated stalling spced.
18. V,=19.76 (d)* (mph)==indicated theoretical maximum vertical speed.
19. Vi=V.(o./p.) ¥ where V,=indicated air speed.
V,=actual air speed.
po =standard density of air ab sea level.
pa =density of air in which V, is attained.
20. AC,=m (U/e)==change in C, due to gust.
21. Anrn=AC, (g/s)=change in load factor due to gust,.

AERODYNAMIC COEFFICIENTS
A. General

1. The coeflicients are absolute {non-dimensional} coefficients. When applicd to an airfoil
surface of given area they represent the ratio between an actual average unit pressure referred to
the projected area of the airfoil and the dynamic pressure corresponding to the flight condition
being considered. The subscripts denote the direction along which the force is measured, but do
not change the basic reference arca.

2. The subscripts “L’" and “L" refer to directions normal to and parallel to the relative wind,
while the subseripts “N" and “C" rcfer to directions respectively normal to and parallel to the
basic wing chord. Subscript “B’’ refers to the direction of the resultant force. These factors are
illustrated in figure 4a and b. When the planes of the drag truss and lift trusses do not coincide
respectively with the planes of the basie chord and the plane of the normal forees, a correction is
necessary before the coefficients can be used directly m the wing analysis method outlined in
“Proof of Wings,” page 59. The corrected coefficients are obtained by resolving the resultant
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force coeflicients into components in the plane of the lift truss and drag truss, as shown in figure
4c. Tne effect on the chord coefficient may be considerable, but the correction for ¢ will usually
be negligible.

3. The moment coefficient may be considered to be of the same nature as the force coefficients
if the force to which it corresponds is applied as a couple at the leading and trailing edges of the
wing chord, as shown in figure 4, A positive moment coeflicient requires an upward force at the
leading edge, as shown. The conversion of center of pressure position into a moment coefficient
about any given point can be easily accomplished by means of Eq. 9, page 19. It should be noted
that the center of pressure and the moment coefficient are alternative in nature and can not both
be used at the same time.

- —— iy .

Figure 4.—Illustration of airfoil force coefficients.

B. Determination of Corrected Airfoil Characteristics
1. The standard airfoil characteristics for conventional airfoils are obtainable from NACA
Reports and Technical Notes. The standard coefficients must usually be corrected and several
additional coefficients should be plotted for use in the stress analysis. Simplified equations are
outlined below for this purpose and Table 1 has been compiled to facilitate the numerical work.
The results should be replotted in a convenient form such asg that shown in figure 5, where (', is
used as the basic coeflicient, instead of angle of attack,
2. Aspect ratio eorrections.—The methods of correcting for aspect ratio are well defined and are
outlined in various text books and reports. The following cquations may be used in this con-
nection.
B= (kb /S
Where B=aspect ratio,
k =Munk’s span factor for biplanes (for monoplanes £=1.0},
b =span of longest wing, and
S=design wing arca.

1 1 1 -

R E"R 0.1667 -

Where K=correction factor.
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a= a;+18.24 KO, (Items 2 to 4, Table I).
Where ;= angle of attack (degrees) for a given (', when aspect ratio is 6,
e =angle of attack (degrees) for same £, when aspect ratio s R.

C,=0,1+0318 K€, (Items 5 to 7, Table I).

Where € =0, for given ', when aspect ratio is 6.
€, =0, for given €, when aspect ratio is R.

4
= 3+6,fR]
Where mg=slope of lift curve when aspect ratio is 6.
m =slope of lift curve when aspect ratio is K.

C. Computation of Additional Characteristics

1. As indicated in Table I, eertain additionsl characteristics are desirable and they may be
determined as follows: '

e. The normal force coefficient, Cy, can be determined from Eq. 7, page 19. 'The steps
involved are shown as items 8 to 12 of Table I. It will be found that Cy is almost identically equal
to €, for small values of the latter. This may not be true, however, for unconventional or modified
airfoils, such as those equipped with flaps.

b. The chord coefficient, Oy, is determined from Eq. 8, page 19. The steps are outlined as
items 13 to 15 of Table L.

¢. The moment coefficient about the aerodynamic center, €, is not given in some airfoil

reports. In some cases the moment coefficient about the quarter chord point Cly,,, 18 plotted

TABLE I. —Computation of Airfoil Characteristics

Ce 10| —§| -8 -4 —2 ¢ .2 4 Rl £ La 1.2 1.4 1.6 18 | 20 22

g

Ace =18.24 --KCe
=G

Cpy

ACp =318 KCit
Co=E+® : i
Cn . =0+ @

o8 o =c05 (D

bmvﬁmmwu[ﬂ

sin ec=gin @
1] Croeos =@ XE i
11| Cpsin e« @X®
12 | Cr=@+@

13 | Crsin «=DXE . ) ! |
I | Cpecos «=@XE
16 | Co=@—G

15 CP=0P, - ] o
CPypt. =g~ Cyoa/@
17| Caefy= (BB XD .
18 | Ca=@+(a— 200X ] !
19 | Op,~@/ER ‘
0 | Cp,=0—@ i
21 | ¢y, (Biplane) ! !
22 | ACy, (Biplane) ' .
B| CL=-01® ) ‘ |
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against (. In such eases a straight line can be drawn to fit the Oy, curve as closely as possible
(see figure 5). The average value of Cy, is then obtained from the straight line where Cp=0.
The position of the acrodynamic center can then be obtained by the following equation:

a= 20— {(Ch,—Cu))
Where Cy, is the value given by the straight line for Oy, ,, where Oy=1.0.

d. The values of @ and Cy, can also be obiained directly from CP curves as outlined in
steps 16 and 17 of Table I, in which the values of Uy, are determined. These values can be
plotted against Cy, and the process for determining @ and Cy, can then be carried out as outlined
above. In any case, the operations should be confined to the values of € which lie on the substan-
tially straight portion of the lift coefliclent curve.

e. The value of (', can be separately determined for any given value of (s by means of the
equation;

GM:;=CM«:;4+ (8—.25) Cy.

1t may be advisable to plot these values for unconventional airfoils which do not have a well-defined
aerodynamic center. Provision is made under item 18 of Table I for determining local values of
Mo

D. Extension of Characteristic Curves

1. In the accelerated flight conditions it is possible to closely approach or exceed the maximum
value of 0 shown on the basic airfoil characteristic eurve without the breakdown of the flow
characterized by the change in slope of the lift curve, The curve to be used for stress analysis
purposes can be extended to represent the effect of a sudden change in angle of atiack by the follow-
ing approximations:

@. Referring to figure 5, extend the eurve of angle of attack, , to higher values of (' by
means of & straight line coinciding with the substantially straight portion of the original curve.
The values of « so obtained should be entered in Table I under item 4.  (The dotted lines in figure 5
indicate extended values).

b. Determine the induced drag coefficient as outlined in item 19 of Table I. R and K are
defined on page 20.

e. Determine the profile drag coefficient (', item 20 of Table I.  Plot these values for the
original straight portion of the € eurve and extend the curve so obtained along the same general
path followed at the lower values of Cf, as shown in figure 5.  Enter the values of €, thus obtained
under item 20.

d. Extend the Cp curve by determining the values for item 7 of Table I, as indicated.

e. The Cy_ curve can be extended as a horizontal straight line. .

f. The extended values of Oy and Cp are determined as indicated under items 8 to 15 of
Table I, using the extended values of Cp. :

g. The CP values should be extended by means of the equation:

OP:G—CM‘JON
_ using the extended values of Cy.
E. Biplane Effects
1. The effects of biplane interference can be conveniently secounted for by a suitable modifi-
cation of the corrected airfoil characteristic curves illustrated in figure 5. The modification of the
various characteristics for each wing can be carried out as follows, referring to Table 1:

a. Lift coefficients—The individual lift coeflicients for each wing should be determined for
the useful range of average lift coeflicient, €, (item 1 of Table I). Appendix I1I, comprises the
acceptable method and calls attention to the limitation in the application of NACA Report No.
501. This method derives increments which are added to and subtracted from the average lift
coefficient. ITtems 21 and 24 are provided in Table I for this purpose.

b. Normal force eoefficients—The corrected normal force coefficients for each biplane wing
are plotted on fizure 5. These values can be determined from the original eurve of average normal
force coefficient, by using the corrected values of 5, under items 23 and 24, Table I.

c. General characteristics—1t is not necessary to plot the remaining characteristics for each
biplane wing as they can be readily determined by the following method. Given a design value of
the average Cy, the corresponding poinfs on the Cy curves for cach wing are determined. This
individual value of biplane ¢}, corresponding to the biplane Oy are determined by horizontal lines
intersecting the average Cy curve. The various coefficients for each wing are then determined for
these values of €, as indicated by the vertical dotted lines on figure 3.
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4.2
04,2121

04,2 STRUCTURAL LOADING CONDITIONS

04.20 GENERAL STRUCTURAL REQUIREMENTS.

04.200 Strength. The primary structure {sce § 04.181) shall be eapable of supporting the ultimaie loads
(see § 04.124) determined by the loading conditions and wliimate factors of safety hereinafter speecified, the loads
being properly distributed and applied.

04.201 Deformations. The primary structure shall be capable of supporting without detritnental permanent
deformations, for a period of at least one minute, the yield loads (see § 04.1253) determined by the loading conditions
and yield factors of safety hereinafter specified, the loads being properly distributed and applied. Where no yteld
factor of safety is specified a factor of 1.0 shall be assumed. In addition, temporary deformations which oceur before
the yield load is reached shall be of such & nature that their repeated oceurrcnce will not weaken or damage the
primary structure.

Detrimental permanent deformations are in general considered as those which correspond to
stresscs in excess of the yield stress. The yield stress is defined as the stress at which the permanent
gtrain is 0.002 inches per inch. '

In determining the permanent deformations the effects of slippage or jig defleciion may be
deducted if properly measured.

04.202 Stiffness. The primary structure shall be eapable of supporting the limif loads (see § 04.120) deter
mined by the loading conditions hereinafter specified without deflecting beyond whatever limits may be hereinafter
prescribed or which may be deemed necessary by the Administrator for the case in question.

04.203 Proof of strength and rigidity. No general requirements, but see § 04.3 for speeific requirements.

04.204 Materials, fabrication, protection, etc. No general requirements, but see § 04.4 for specific
requirements,

04.21 FLIGHT LOADS.

04,210 General. The airworthiness rating of an airplane with respect to its strength under flight loads will
he based on the airspeeds and accclerations (from maneuvering or gusts) which ean safely be developed in combina-
tion. For certain classes of airplanes the aceceleration factors and gust velocities are arbitrarily specified hereinafter
and shall be used for those classes. The airspeeds which can safely be developed in combination with the specified
aceeleration factors and gusts shall be determined in accordance with the procedure hereinafter specified and shall
gerve as a basis for restricting the operation of the airplane in flight. (See § 04.743.)

. 04.211 Airspeeds. (See §§ 04.100 to 04.116 for definitions.) The design airspeeds shall be determined as
ollows:

Vi {(See §04.111) _

V, shall not he less than Vi K (V,— V), except that it need not be greater than either V- 100 miles per
hour or 1.5 Vi, whichever is lower. K, is specified on figure 6. V, is defined in § 04.115. A special ruling may be
obtained from the Administrator if the design gliding speed thus determined is greater than 1.33 V5, and appears
to be unnecessarily high for the type of airplane involved.

¥ shall not be less than 2V,,. V,;is defined in § 04.113.

¥V, shall not be less than V4 K,(V,— V,r),except that it need not be greater than V. K, is specified in
figure 7. (See §§ 04.2220, 04.2223 and 04.2230 for exceptions for multi-engine airplanes.}

04.212 Load factors. The flight load factors specified hereinafter shall reprezent wing load factors. The
net load factor, or acceleration factor, shalt be obtained by proper consideration of balancing loads acting on the air-
ptane in the specific flight conditions. .

04.2520 Maneuvering load factors. The lHmit maneuvering load factors specified hereinafter (see figure 8)
are derived largely fromn experience with conventional types of airplanes and shall be considered as minimum values
unl ess it can be proved, to the satisfaction of the Administrator, that the airplane embodies features of design which
make it impossible to develop sueh values in flight, in which case lower values may be used subjeot to the approval

ofthe Administrator.

04.2121 Gust load factor., The gust load factors shall be computed on the basis of a gust of the magnitude
specified, acting normal to the flight path, and proper allowance shall be made for the effeets of aspeet ratio on the
slope of the lift curve. The gust veloeities specified shall be used only in conjunetion with the CAA gust formulae
below.

The following formula for the load factor added in encountering a gust should be used for

wings:
Ane KUV,
"= 5TE (W)S)
K=gust factor, see figure 9.
U=gust gszlocity, feet, per second. (Note that the “cffective’ sharp-edged gust equals
K

where An==1imit load factor increment.

V—indicated airspecd, miles per hour.
WiS=wing loading (04.106).
m=slope of lift curve, ;. per radian, corrected for aspect ratio.
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04.2122
STRUCTURAL LOADING CONDITIONS 04.21510

04.2122 Factors of safety. The minimum factors of safety are specified for each ioading condition. See slso
§ 04.27 for multiplying factors of safety required in certain cases.

04.213 Symmetrical flight conditions (faps retracted).
04.2130 General. The following flight eonditions, together with Table II, shall be considered as representing
the minimum number of conditions required to cover a suitable range of symmetrical flight loadings.

TABLE IL—Symmetrical Flight Conditions (flaps retracted)

Condition I(p.27) 11 (p. 28) III {p. 28) IV (p. 20) V {p. 30) VI (p. 30}

1 Design speed (see Airspeeds, D. 25) oo moae i aceeno Vi Vi Vy Vv Vi
2 Guat velocity, U, fps 12 430 —30 +15 =15 | - R
g [an (u; Gust3 _________. - P. 25 P. 25 P, 26 P.25 —0. 6Anle |___.

Ant () ManeUvering . . o oo PFig. 8 | s Fig. 8 | cemccaee ~0, 255016 |____
4 Limif load factor, n, When (b}, above, gives two values of An,

180 JATEer . . o 1+-Anr 1+ann 1+-Anym 14-Any —14tany o
& Minimum valueof 2. .. . ___.._. - 2,50 None 2.5 Nong ~L5 None
8 Minimum yield factor of safety, jy. .- - 1.0 1.0 1.0 LG 1.0 1.0
7 Minimum ultimate factor of safety, fo__..______ . 1.5 15 L& L& 18 L&

L Feet per second.
% 4 means gpward, — means downward,
3 May be limited by maximum dynamic lift coefficient obtainable under sudiden changes of angle of attack.

04.2131 Condition I positive high angle of attack. The factors given in Table IT and figure 8 for this condition
shall be used. To provide for flight conditions critical for the front lift truss or its equivalent the aerodynamic
characteristics Cy, CP (or Cu), and C, shall be determined as follows:

(o) CNI=Erm {gr. is dynamic pressure corresponding to Vi; see §§ 04,111 and 04.118.)

® 7 =valus corresponding to Cy,, or value equal to —.20 Cy,, whichever is greater negatively.

(c) CP’'=most forward position of the center of pressure between CL==Cy; and CL na:.; when Oy, exeeeds
OL max., the CP curve shall be extended accordingly.

(d) For biplane combinations the CP of the upper wing shall be assumed to be 2.5 pereent of the chord forward
of its nominal position.

(e) Ci’ —moment coefficient necessary to give the required CP’ in conjunction with Cy;.

This condition is illustrated in figure 10. It is primarily designed to represent conditions at
which the highest positive acceleration or load factor is likely to be obtained and is based on either
8 gust or maneuvering condition. The maneuvering load factor increments given in fizure 8 are
semi-empirical and are based largely on past experience. They represent the highest increments
of acceleration which are to be expected during maneuvers.

As it is possible to develop the limit load factor for Condition I in various flight attitudes, a
definite range of values of (7, is included, as indicated in figure 10. This corresponds to the assump-
tion that the limit load factor will be developed at speeds somewhat below the V,, the lowest speed
being that associated with the value of €', .. The modified flight conditions, which are explained
in succeeding sections, are intended to provide for the effects of this assumption and are so specified
48 to require a minimum amount of investigation.

It will be noted that in Condition I a value for the OF is specified, instead of the moment
coefficient. If it is desired to find the moment coefficient to be used in Condition 7, the values of
CP and Oy, can be inserted in equation 9, page 19. In the case of a biplane, the proper correction
should first be made to the upper wing CP.

The arbitrary assumption of Ug=—.20 Oy is based on an average figure for (¢ at Crp,.: and
an adjustment of the design speed to give the applied load factor required. If the gust condition
causes the value of (), to exceed 'y naz, the chord cosflicient will usually be greater negatively than
the arbitrary value specified.

04.21310 Condition F, (positive high angle of attack modified). The smaller of the two values of C. specified
in § 04.2131 (b) and the most rearward CF position in the range specified in § 04.2131 (¢} shall also be investigated
when Condition 7T is eritical for the rear spar (or its equivalent) or if any portion of the front spar (or its equivalent)
is likely to be critical in tension. Only the wings and wing braeing need be investigated for thig eondition.

In Condition I, the value of ('y required to produce the specified limit load factor at the high
speed of the airplane will usually be considerably less than that corresponding to C'y wex. Condition
I is designed to be critical for the front spar in bending and compression. For this reason arbitrary
values of €z and CP are assigned, which ordinarily represent a pull-up to the limit load factor at
a speed lower than V. In certain cases, however, the actual accelerated condition at Vi may
be critical for some portions of the structure, in which case it should be checked. The character-
istics used for Condition 1, are illustrated on figure 11. This condition applies in any event to
the following cases: '

Front spar.~-When the tension flange or chord member of a front spar is designed for low
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Figure 10.—Conditions { and I1. ) Figure 11.—Conditions I; and II1,.

margins of safety in Condition I, the smaller forward chord component which occurs in Condition
I, may permit the net tension load to become greater than that computed for Condition f and there-
by result in negative margins of safety.

Rear spar and rear Lift truss.—When a wing section having a small negative or a positive mo-
ment coefficient is employed, it is possible for the rear spar to receive its greatest beam loading
when the limit load factor for Condition 7 is developed at the speed V.

04.2132 Condition JT (negative high angle of attack). The factors given in Table II for this condition shall
be used with the following provisions:
(a) CNH= nir (qT’l’." S)_
(t) C.=actual value eorresponding to Cyyy. :
(¢) When C. is positive or has a negative value smaller than 0.02 it may be assumed to be zero.
(d) Cy=actual value corresponding to Cyy,.

This condition represents the effects of encountering a downward gust of 30 feet per second
while flying at the speed V;. The cocfficients to be used are illustrated in figure 10.  The assump-
tion of a zero chord coefficient in certain cases is not a requirement, but is permitied In order to
simplify the analysis. .

04.2133 Condition IIT (positive low angle of attack). The factors given in Table IT for this condition shall be

used, with the following provisions: :
{a) CNH,m?i”(qL!S) (g, is dynamic pressure corresponding to V,; see §§ 04.118 and 04.112).
£

{5y C,=actual value corresponding to Cyy,,.
{¢) When €, is positive or has a negative value smaller than 0.02 it may be assumed to be zero.
(d) Cy=actual value corresponding 10 Cx .

This condition represents an npward acceleration of the airplane at its design gliding speed V.
The coefficients to be used are shown graphically in figure 12. As in Condition f, the applied
load factor is considered to be produced by either a gust or a maneuver. As the speed V, is the
speed at which the airplane will be flown least, and not at all in very turbulent air, the gust load
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factor formula is based on a gust of 15 feet per second and the arbitrary value of the limit accelera-

tion required is less than that for Condition I. This is further justified by the fact that for a

conventional 2-spar wing, the value of the limit load factor affects the rear spar load much less

than the wvalues of speed and moment coefficient used and is therefore relatively unimportant.

For other types of wings, the values of speed and moment coefficient are again usually the more

i(Ijnprc)lytglllt }vith respect to torsional loading, the maximum beam loading being obtained from
Oonaiton L.

04,21330 Condition III, (positive low angle of attack, modified). If the moment coefficient of the airfoil
section at zere lift has a positive value or a negative value smaller than 0.06 the effects of displaced ailerons on
the moment coefficient shall be accounted for in Condition I77 for that portion of the span incorpurating ailerons.
"To eover this point it will be satisfactory to combine 75 percent of the loads acting in Condition F1I with the loads
due to a moment coefficient of —0.08—Cyyy,, acting over that portion only of the span incorporating ailerons.

The design dynamic pressure for the additional moment forces shall be equal to 0.75¢,. Only the wings and wing
bracing need be investigated for this condition.

This conditien is included to provide for the use of ailerons during a pull-up or gust. It should
be noted that a relatively small downward aileron deflection is sufficient to change the moment
coeflicient- from a very small negative or from a positive value to the value specified. The effect
of the displaced ailerons on high-moment airfoils is proportionately small and for that reason no
corrections are required for such airfoils. In general the condition is critical only for the rear
spar and the rear lift truss. This requirement 13 not applied to Condition IV, as the down-load
on the front spar is not as sensitive to changes in aileron position.

©04.2134 Condifion IV {negative low angle of atiack). The factors given in Table 1T for this condition shall
be used, with the following provisions:

nW(W;’SJ

Cppp=—ita 27,

(ﬂ) Niv R

(b) C.=actual value corresponding to Cyrp.

(¢} When C, is positive or has a negative value smaller than 0.02 it may be assumed to be zero,
{d)} Cy=actual value corresponding to Cyry.

This condition, which is illustrated in figure 12, represents the effects of encountering a* down''
gust of 15 feet per second while fiyimg at the design gliding speed, V.

A

— ———

i 1
N N I
V=Y,
V = V?
Figure 12.—Conditions IIT and IV, Figure 13.—Conditions ¥V and VI.
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04.2135

04,2140 ATRPLANE AIRWORTHINESS

04.2135 Condition V (inverted flight).
the following provisions:

_nlWiS),

The factors given in Table II for this condition shall be used, with

(@) Cwv

b C/=0.

{¢) CP'=25%,

(d) Only the rear (or single) lift truss system of externally braced wing struetures need be Investigated for
this condition.

An airfoil which has a negative moment coefficient always tends to produce an up-load on the
rear spar. It will usually be found, therefore, that none of the basic flying conditions produce
any considerable down load on the rear spar {or any considerable “stalling” moment about the
elastic axis of & wing). At large negative angles of attack, however, the moment coefficient about
the aerodynamic center approaches zero and may even reverse in sign. This means that the
CP approaches or lies behind the aerodynamic center. Condition V' therefore represents such a
condition, which is likely to be developed only in inverted flight. The applied load factors repre-
seni either a gust load factor, which may be produced while flying inverted, or a pull-up load
factor based on the corresponding value for Condition f. For simplicity of the value of €, is as-
sumed to be zero. See figure 13 for llustration of this condition. ‘

It should be noted that the maximum rearward position of the OF for large negative angles
of attack (above the negative stalling angle) approaches 40 percent of the chord as a practical limit,
For highly maneuverable airplanes, 1t would therefore be advisable to use this location of the CP
in the inverted flight condition, in order to obtain adequate strength in the rear lift truss system.

In general, Condition V will not be critical for portions of the structure other than the rear
spar, rear lift truss, and fusclage carry-through members. When a single-Jift truss is vsed. a pre-
liminary check should be made for this condition.

04.21836 Condition VI {gliding).

following provisions:

(a) Cyyr=value corresponding to C. max. (positive).

(&) C.=C, max. {positive){ 0.01,

(¢} Car=actual value corresponding to Cy,,

{d) The drag of nacelles and other items attached to the wings shall be conservatively estimated and properly
included in the investigation of this condition,

(¢) Only the wings and wing bracing need be investigated for this condition,

The factors given in Table II shall be used for this condition with the

This condition which is llustrated graphically in figure 13, is equivalent to the assumption that
while flying at o speed V', a small negative gust changes the value of Cp to (..  The increment of
0.01 is added to account for surface roughness and protuberances. '

When this condition is applied to biplancs having a single lift trussit will usually be found that
only the lower wing is critical with respect to rearward chord loads.

¢4.214 Symmetrical flight condilions (flaps or auxiliary devices in operation).

04.2140 General. When flaps or other auxiliary high-lift deviees are installed on the wings the design condi-
tions shall be suitably moedified to aceount for their use in flight. The modifieations shall be based on the intended
use of such devices and the aerodynamic characteristics of the wing. The following conditions, together with Table
11T, shall be considered as representing the minimum number of eonditions required to cover s suitable range of
symmetrical flight loadings in cases where the flaps are used only at relatively low airspeeds.

TABLE III.—Symmeirieal Flight Conditions (flaps extended)

Condition VII {p. 81) VIII (p. 31) IX {p. 3D
1 Design speed (See Airapeeds, DB&E 2B o . e mm e e Ty Ve Vr
3 Gust veloeiby, U, fps U0 e e mm—— e m———— +15 =15 | .
B AT Y e e e e mm i ————— e mm i ——— e nm P. 25 P25 | .
4 Limit Load RCOr, Mo e e 1+Anvi 14-ARVIT |cooei e
5 Minimum valueof®_ ... ______.____ 2.00 Mone None
& Minimom yield factor of safety, fy. - .. 10 1.0 1.0
7 Minimum altimate factor of safety, fa-..-_. 15 1.5 1.5
.

1 Feet per second.
7 4+ means upward, — means downward.
3 May be limited by maximum dynatnije lift ecefficient obtainable under sudden changes of angle of attack.

" For internally braced monoplane wings equipped with trailing edge flaps, no stress analysis of
the wing structure as a whole need be submitted for the flaps Conditions VII and VIII, provided
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that the average value of (', used in design Conditions 711 and IV equals or exceeds the quantity

)

where: (', is the average moment coeflicient about the aerodynamic center (or at zero lift)

for the airfoil section with flap eompletely extended. (The average moment coeffi-
cient refers to a weighted average over the span when Cm is variable. The wing
area affected should be used in weighting).

¥, is the design speed with flaps extended, as specified in 04.211.

V. is the design speed used in Conditions 777 and IV, as specified in 04.211.

_ When the above condition is substantiated, no balancing computations for the extended flap con-
ditions need be submitted and these conditions can also be eliminated from the design of the hori-
zontal tail surfaces.

The foregoing interpretation applies to normal installations in which the flap is inboard of
the ailerons, or in which a full span flap is used. For other arrangements it will be necessary to
submit additional computations if it is desired to prove that flap conditions are not critical.

In all cases an investigation is required of the local wing structure to which the flap is at-
tached, using the flap design loads as determined from conditions VII and VIII below. The
strength of special wing ribs used with split flaps, and the effect of flap control forces, should also
He ilévest.igated. Reference should be made to current NACA reports and notes for acceptable

ap data. :

04.2141 Condition VII (positive gust, flaps deflected). The factors given in Table III for this condition
ghall be used, with the following provisions: (e} The most eritical deflection of the flap shall be investigated. ()
The magnitude and distribution of normal, chord and moment forces over the wing shall correspond to that which
would be obtained in developing the specified limit gust load factor at the specified airgpeed.

04.2142 Condition VIITI (negative gust, flaps deflected). The factors given in Table TIT for this condition
shall be used, with the following provisions: (a«} The most critical deflection of the flap shall he investigated. (b)
The magnitude and distribution of normal, ehord and moment forees over the wing shall correspond to that which
would be obtained in encountering the specified limit gust load factor at the specified airspeed.

04.2143 Condition I X (dive, flaps deflected). The factors given in Table III for this condition shall be used,
with the following provisions: (a) The most eritical defleetion of the flap shall be investigated. (8) The load fac-
tor and the magnitude apd digtribution of normal, chord and moment forces over the wing shall correspond to the
angle of attack at which the greatest rearward chord loads are produced on the wing structure. (¢} Only the wings
and wing bracing need be investigated for this condition. :

04.215 Unsymmetrical flight conditions.

04.2150 General. In the following unsymmetrical flight conditions, the unbalanced rolling moment shall
be assumed to be resisted by the angular inertia of the complcte airplane,

As an alternative procedure Conditions I, IT7,, and V), can be analyzed by modifying Con-
ditions £, 111 and V respectively so that 100 percent of the airload is assumed to act on one wing
and 70 percent on the other, provided that the angular inertia of the wings is neglected. For
. airplanes over 10,000 pounds standard weight the latter factor may be increased linearly with
standard weight up to 80 percent at 25,000 pounds. The effects of wing nacelles and landing
gear may, however, be considered in computing the angular inertia.

When the procedurc above is followed, the approximate method of applying adjustments
directly to the wing reactions may be used if desired. This method obviates the necessity for an
additional determination of the beam load.

The usc of more rational loading conditions than thosc specified here will be permitted if they are
shown to be applicable. Such loading conditions should be based on studies giving consideration
to unsymmetrical entries into gusts, to gusts affecting one wing only, and to maneuvering with
aiterons. :

The unsymmetrical flying conditions apply particularly to cabane bracing, which should be
considered as part of the lift truss.

04.2151 Condition f,. Condition I (§ 04.2131) shall be modificd by assuming 100 percent of the air load
acting on one wing and 40 percent on the other. For airplanes over 1,000 pounds standard weight the latter fac-
tar may be increased linearly with standard weight up to 80 percent at 25,000 pounds,

04.2152 Condition fif.. Condition JJT (3§ 04.2133) shall be modified as deseribed for Condition I, above,
04.2153 Condition ¥.. Condition V (§ 04.2135) shall be modified as described for Condition I, above,
04.216 Special flight conditions.
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04.2160 Gust at reduced weight. The requirements for gust conditions (excepting tail surface gust condi-
tions) under any leading between minimum and maximum design weight shail be mct by primary structure
critically loaded thereby,

It should be noted that a decrease in airplane gross weight will increase the gust load factor.
This may cause critical loads to be developed in parts of the structure supporting dead weight.
This should be thoroughly investigated in the case of airplanes having. a widely variable loading.
In other cases it can usually be demonstrated that the gust at reduced weight condition is eritical
only for the forward portion of the fuselage, the engine mount, and the attachments of items of
dead weight.

When engine nacelles or other large items of dead weight are attached to the wing structure,
they shovld be checked for the load factor due to the combined linear and angular accelerations
resulting from ihe loadings of Condition 7, determined at the minimum design weight.

04.2161 Lift-wire-cut., For wings employing wire bracing in the lift truss, Conditions I and FI7 shall be
investigated, using load factors = and nfil of one half the values specified for these conditions and assuming that
%,ny lir;t wire is out of action. This requircment does not appiy to parallel double lift wires, for which case see

04.273.

04.2162 Drag-wire-cut. Drag struts in double-truss systems shall be designed to withstand the loads devel-
oped when the drag wire of the upper system in one bay and the drag wire of the lower system in the adjacent bay
are each carrying their lémif loads from any flight condition, the remaining wires in these two bays being assumed to
be out of aetion. The minimum wulfimale factor of safety shall be 1.5.

04.2163 TUnsymmetrical propeller thrust. The structure shall incorporate an wultimate factor of safety of 1.5
against failure due to loads caused by maximum (except take-off) power applied on one side of the plane of sym-
metry only, when power on the other side is off and the airplane 15 1n unaccelerated reetilinear flight,

04.2164 Wing tanks empiy. Iifuel tanks are supported by the wing structure, such structure and its bracing
shall also be investigated for Conditions 1, {1, 171, and IV with wing tanks empty. The design weight may be
reduced by 0.9 pounds per certified maximum {except take-off) horsepower,

The specified weight reduction has particular application to cases in which the maximum
authorized weight is based on full pay load and a fuel load of 0.15 gallons (0.9 pounds)} per certified
maximum (except take-off horsepower) in accordance with 04.740. In all other cases the reduec-
tion in weight may equal the weight of fuel that can be carried simultaneously with full pay load.

04.217 Wing load distribution. The Jimit air loads and inertia loads acting on the wing structure shall be
distributed and spplied in & manner elosely approximating the actual distribution in flight.

A. Span Distribution

1. For wings having mean taper ratios (see ¢ below) cqual to or greater than 0.5, the span
distribution should be determined as follows:

a. If the wing does not have aerodynamic twist (1. e., if the zero lift lines of all sections are
parallel), the span distribution of normal force coefficient (Cy) should be assumed to vary in accord-
ance with figure 14a and b, which represent two extreme cases of tip loading. Each case should
be investigated, unless 1t is demonstrated that only one is critical. As an alternative method, it -
will be acceptable to investigate each design condition for enly one span distribution using a rational
distribution, except in the case of the ligh-angle-of-attack condition which gives the maximum
forward chord loads (Condition J). For this condition, the analysis should be made for both the
rational distribution and that given in figure 14a.,

b. 1 the wing has aerodynamic twist, the span distxibution should be deterinined by the
alternative method given above.

¢. For these purposes, the mean taper ratio is defined as the ratio of the tip chord (obtained
by extending the leading and trailing edges to the extreme wing tip) to the root chord (obtained by
extending the leading and trailing cdges to the plane of symmetry).

d. Acceptable methods of determining a rational span distribution are given in Army-Navy-
Commerce publication ANC 1 (1), “Spanwise Air Load Distribution” {obtainable from the Super-
intendent of Documents, Washington, D. C., for 60 cents), n NACA Technical Report No. 572,
in NACA Technical Report No. 585, in NACA Technical Note No. 606, and in Appendix IV.

2. For all wings having mean taper ratios less than 0.5, the span distribution should be deter-
mined by rational methods, unless it is shown that a more severe distribution has been used.
3. The effects of nacelles on the normal force coefficient may, in general, be neglected, Their
effects on chord loads are outlined in “'C.”
4. The effect of trailing edge cut-outs which remove less than 50 percent of the chord may be
‘neglected when figure 14 is used.
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5. When the normal force coefficient is assumed to vary over the span, the values used should
be so adjusted as to give the same total normal force as the design value of C)y acting uniformly
over the span. (See “D” for additional information.}

6. When figure 14 is used, the chord cocfficicnt should be assumed to be constant along the
span, that is, it should be assumed that tip loss does not affect the chord coefficient.

| | |
' ] \ | 05¢,
i STATION WHERE i
(«——— ACTUAL SEMI-SPAN ’ CHORD=DISTANCE 3
- TO EXTREME TIP. TIP LENGTH

(a)Nd TIP LOSS {(b)WITH TiP LOSS

NOTE: ABOVE FIGURES APPLY ONLY TO WINGS WITHOUT AERODYNAMIC
TWIST BUT HAVING MEAN TAPER RATIOS GREATER THAN 0.5

Figure 14.—Span distribution of C, for wings.

B. Chord Distribution ' .

1. The approximate method of chord loadings outlined on pages 69 to 71 for the testing of
wing ribs is suitable for conventional two-spar construction if the rib forms a complete truss between
the leading and trailing edges. An investigation of the actual chord loading should be made in
the case of stressed-skin wings if the longitudinal stiffeners are used to support direct air loads.
In some cases it is necessary to determine the actual distribution, not only for total load but for
each surface of the wing. The methods vuthned in ANC-1(2} “Chordwise Air Load Distribution
of Airfoils” (obtainable from the Superintendent of Documents, Government Printing Office,
Washington 25, D. ) are acceptable for this purpese. It should be understood that when a
rational pressure distribution is used for high angle of attack (Condition I), it should be deter-
mined so as to correspond 0 Cp ma. The value of dynamic pressure, ¢, to be used in conjunction
wiﬁh L mae. for the purpose of determoining the load applied on the rib should be determined ss
follows:

(G ()
a CL maxs

2. Leading edge loads.—On high speed airplanes the leading edge loads developed may be
exceptionally severe, particularly the “down’ loads which are produced by negative gusts when
flying at the design gliding speed. The magnitude of such loads can be estimated, without deter-
mining the entire chord distribution, by the method outlined in NACA Report No. 413.

3. Effects of auxiliary deviees—When a design speed higher than required is used in connection
with wing flaps or other auxiliary high-lift devices, it will be necessary to determine the chord
distribution over the entire airfoil. The cffect of any device which remains operative up to V,:
should be carefully investigated. This applies particularly to auxiliary airfoils and fixed slots.

C. Special Loadings

1. Parasite drag.—The drag of large items attached to the wing cellule (such as nacelles)
should be estimated and considered in conjunction with the conditions in which the addition of
such a drag load may result in a critical load in any member(s).

2. Propeller thrust—The propeller thrust from a nacelle may be neglected in the detailed
analysis of the wing structure, with the following exceptions:

@¢. When the nacelle location is such as to produce large local loads on the wing structure
(nacelle above wing, etc.)

b. When, in multi-engined airplanes, nacelles are located at g considerable distance from
the plane of symmetry, in which case the wing attachment structure should be analyzed for the
caze of full power applied on one side only.
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27 AIRPLANE AIRWORTHINESS

D. Determination of Point of Application of the Resultant Air Loads on a Wing

1. A general method is outlined in Avmy-Navy-Civil Publication ANC-1 (33, *“Determination
of the Points of Application of the Resultant Airloads on a Wing”, for determining the mean
effective value of the normal force cocfficient, the average moment coefficient, location of the mean
aerodynamic center and value of the mean aerodynamic chord. These factors are needed in order
to determine the balancing loads for various flight conditions.

2. A simplified version of the method presented in ANC-1 (3) is presented by Table IV and
is applicable to those cases where the span distribution outlined in A1l 1s employed. In order that
the procedure may be entirely clear, the following instructions are presented:

a. In general, the summation of all forces acting upon a wing can be expressed as a single
resultant force acting at a certain point and a couple, or moment of air forces, about this point.
If the point is so chosgen that, at constant dynamic pressure, the moment of the air forces does not
appreciably change with a change in the angle of attack of the airfoil, the point can be considered
8s the mean aerodynamic center of the wing. The resultant {orce can be resolved into the normal
and chord components and represented by the average coefficients Cy and C, while the moment
may be represented by the average moment coefficient, €y, multiplied by a distance which can be
considered to be the mean aerodynamic chord. The values of the above quantities and the loca-
tion of the mean aerodynamic center will depend on the plan form of the wing and the type of span
distribution curve used.

b. The choice of a reference axis
system is an arbitrary matter; any rec-
tangular system of coordinates will be
satisfactory. However, for the present
case, it has been found convenient to
choose & set of rectangular axes fixed in
the airplane. The longitudinal or X-
axis may be taken parallel to the line of
thrust, parallel to the wing chord, per-
pendicular to the projection of the plane
of the wing beams on the plane of sym-
metry, or any similar line in the plane of
symmetry. The normal or Z-axis lies in
the plane of symmetry perpendicular to
the X-axis. The lateral or Y-axis is per-
pendicular to the plane of symmetry. :
The origin may be taken at any point in Figure 15.—Convention of axes, forces and moments.
the plane of symmetry, preferably not
too far from the wing, The resultant single force can then be expressed by its components in the
XZ plane and the moment as a couple about the Y-axis. Forces which act up, aft, and toward
the left wing tip are considered positive. Positive moments act counter-clockwise about their
respective axes when viewed from the origin. (See figure 15.)

¢. An explanation and clarification of the procedure to be followed in filling out Table IV
iz as follows:

{1) The semi-wing should be divided into a convenient number of strips with a num-
ber or letter assigned to each and listed in column 1.

(2) The distance from the plane of symmetry to the centroid of the area of each strip
is listed in column 2.

(3) Column 3 contains the width of the strip.

{4) The mean chord of each strip is hsted in column 4.

(5} The area of each strip is found in column 5 by multiplying column 3 by column 4.
The sum of this column should equal half the wing area as mdicated below the table.
This is a check on the correctness of the strip areas and nothing more should be done until
good agreement is obtained.

(6) The data for column 6 is taken from the assumed span distribution curve, figure
14. The factor B, represents the ratio of the actual (y at any point to the value of Cy,
at the root of the wing.

(7) Column 7 containg the product of column 5 and 6, The sum of this column
when divided by the sum of column 5 will give the value K;, which is the ratio of the mean
cffective Cy to the value of Cy, (at the root).

1To be publisbed soon,
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TABLE 1V.—Determination of Point of Application of Resultant Airloads on a Wing

1 2 |3 | 4 5 8 7 8 ‘ 9 ’ 10 11 12 13 14 15
TewpNo. | v | an | €| car | Be BCa | 0B0A, | zae  rasRa0A, | Ze, ! ZeBWCA, | G8, | Cu,, | Cuy,CA
Rer. [ @) ®XE | % L @xe) L anx@ | WX (9% (13)
- B l
z _ T e | \
! | |
. an Check: .
— Z{15 -
¥ e C“_z—(la)" Wing Area ¢m2(5)=
- _2U0) 2
ez T K=z5
= E(D)
T E([@
- E{13)
-]

{8) Column 8 contains the product of columns 2 and 7. The sum of this column
when divided by the sum of column 7 gives the lateral coordinate of the centroid of the
semi-wing as indicated below the table. :
vz (19) In column 9 is listed the distance of each section serodynamic center aft of the

plane,

(10) Column 10 contains the product of column 7 and 9. The sum of this column
when divided by the sum of column 7 gives the X-coordinate of the centroid as indicated
below the table.

{11} In column 11 is listed the distance of each section acrodynamic center above
the XY plane.

{12) Column 12 contains the product of columns 7 and 11. The sum of this column
when divided by the sum of column 7 gives the Z-coordinate of the centroid as indicated
below the table.

(13} Column 13 contains the product of columns 4 and 5. The sum of this column,
when divided by the sum of column 5, gives the length of the mean aerodynamic chord.
If a location is wanted for the mean aerodynamie chord, it should be drawn on the wing
so that its aerodynamic center coincides with the centroid of lift determined by means of
the preceding columns.

{14) Column 14 1s a list of the section moment coeflicients.

(15) Column 15 contains the product of columns 13 and 14. For wings that have
no twigt, the sum of this column when divided by column 13 gives the average moment
coeflicient for the wing.

3. In the case of twisted wings a different span distribution exists for each angle of attack.

The location of the resultant forces can, however, be determined as in 2 above for any known span
distribution.

E. Resultant Forces on Biplanes

1. The mean aerodynamic center location and the value of the mean aerodynamic chord for
each wing panel can be found as outlined above. When wing flaps or other auxiliary high lift
devices are used the mean effective moment coefficient for each wing panel should also be obtained.
For a given flight condition, the values of Cj for each wing can be determined from Table IV. The
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location of the mean serodynamic center of the biplane and the determination of the resultant
forces and moments can be accomplished as follows, referring to figure 16:
¢. The mean acrodynamic center of the biplane cellule lies on a straight line connecting the
mean aerodynamic centers of the two wing panei)s. The location on the hine is determined from
equation (a), figure 16.
6. Assuming that the mean effective moment coefficient is the same for each wing panel,
the value of the mean aerodynamic chord for the biplane is determined from equation (b), figure 16.
¢. If the mean effiective moment cocflicients for the two wing pancls are different in value,
the effective moment coefficient for the biplane can be determined from equation (c), figure 16.
2. The mean acrodynamic center of a biplane, as determined above, is based on the relative
values of the normal forces acting on each wing. When the average normal force coefficient for
the entire biplanc is near zero, the relative loading on the wings varies over & wide range and the
mean gerodynamic center, if determined as ouilined above, would in some cases lie entirely outside
of the wing cellule. For the same conditions, however, the chord force coefficients for the wings
would be nearly equal, so that the resultant chord foree would not act at the same point as the
resultant normal force. As the location of the mean aerodynamic center is of interest mainly
in balar'llfiillg and stability computations, the following approximations and assumptions are
permissible: :
4 a. A single location may be assumed for the mean aerodynamic center for all the balancing
conditions.
b. When the investigation of two different span distributions is required, the more nearl
constant span distribution may be used in determining the mean aerodynamic center and ILIAC{
¢. The computations may be made for an average value of ,=0.5, unless the biplane has
an vnusual amount of stagger or decalage, or is otherwise unconventional,
d. When the use of a single location. for the aerodynamic center is not sufficiently accurate,
the computation of the mean aerodynamic center for the entire biplane should be omitted and
in balancing the airplane each wing should be treated as a separate unit.
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Figure 16.—Resultant forces on a biplane.
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BALANCING LOADS
A. General

1. The basic design eonditions must be converted into conditions representing the external
loads applied to the airplane before o complete stress analysis can be made. This process is com-
monly referred to as “‘balancing’ the airplane and the final condition is referred to as a condition
of “equilibrivm.” Actuvally, the airplane is in equilibrium only in steady unaccelerated flight; in
accelerated conditions both lincar and angular accelerations act to change the velocity and attitude
of the airplane. It is customary to represent a dynamic condition, for stress analysis purposes,
as 8 static conditlon by the expedient of assigning to each item of mass the increased force with
which it resists aceeleration. Thus if the total load acting on the airplane in a certain direction is n
times the total weight of the sirplane, each item of mass in the airplane is assumed to act on the
airplane structure in exactly opposite direction and with a force equal to n times its weight.

2. If the net resultant moment of the air forces acting on the airplane is not zero with respect
to the center of gravity, an angular acceleration results. An exact analysis wonld require the
computation of this angular acceleration and its application to each item of mass in the airplane.
In general, such an analysis is not hecessary exeept in certain unsymmetrical flight conditions,
The usual expedient in the case of the symmetrical flight conditions is to eliminate the effects of
the unbalanced couple by applying a balancing load near the tail of the airplane in such a way
that the moment of the total force about the center of gravity is reduced to zero. This method
is particularly convenient, as the balancing tail load can then be thought of ¢ither as an aerodynamic
force from the tall surfaces or as a part of a couple approximately representing the angular inertis,
forces of the masses of and in the airplane. - Considering a gust condition, it iz probable that
angular inertia forces initially resist most of the unbalanced couple added by the gust, while in a
more or less steady pull-up condition the balancing tail load may consist entirely of a balancing
air load from the tail suriaces.

B. Balancing the Airplane
1. The following considerations are involved in balancing the sirplane:

a. Full “power on’’ is assumed for conditions at V, (Conditions 7 and II), but for conditions
at V, (Conditions JIT and IV) the propeller thrust is assumed to be zero.

b. It is assumed that the limit Ioad factors specified for the basic flight conditions are wing
load factors. A solution is therefore made for the net load factor acting on the whole airplane.
The value so determined can then be used in connection with each item of weight (or with each
group of items) in analyzing the fuselage. For balancing purposes the net factor is assumed to
act at the center of gravity of the airplane.

e. Assuming that it is possible for & load to be acting in the opposite direction on the elevator,
it is recommended that the center of pressure of the horizontal tail be placed at 20 percent of the
mean chord of the entire tail surface. 'This arbitrary location may also be considered as the point
of application of inertia forces resulting from angular acceleration, thus simplifying the balancing
process.

d. Infigure 17 the external forces are assumed to be acting at four points only. The assump-
tion can generally be made that the fuselage drag acts at the center of gravity. When more accurate
data are available, the resultant fuselage drag force can of course be computed and applied at the
proper point. In cases where large independent items having considerable drag (such as nacelles)
are present, it is advisable to extend the set-up shown in figure 17 to include the additional items,

2. As shown in figure 17, a convenient reference axis is the basic chord line of the mean sacro-
dynamic wing chord. (The basie chord line is usually specified along with the dimensions of the
alrfoil section.) The determination of the size and location of the M A is outlined in ‘I’ page
34, In determining the vertical loeation of the aerodynamic center of the MAC (point 1 of figure
17) the vertical position of the AMLAQ in relation to the wing root chord, or other similar reference
line, should be considercd.

3. A tabular form will simplify the computations required to obtain the balancing loads for
various flight conditions. A typical form for this purpose is shown in Table V. Tn using figure
17 and Table V the following sssumptions and conventions should be employed:

a. 1f known disfances or forces are opposite in direction from those shown in figure 17, a
negative sign should be prefixed before inserting in the computations. For instance, in the case
of a hgh-wing monoplane, #; will have a negative sign. Likewise %,y will be either negative or
zero in all cases. The direction of unknown forces will be indicated by the sign of the value ob-
teined from the equations. A negative value of n; will usually be determined from the balancing
process, indicating a down load on the tail. For conditions of positive acceleration the solution
should give a negative value for n,, as the inertia load will be acting downward. The convention
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(D Aerodynamic oenter of M,A.C.
@ center of gravity of entire airplane.
& Assumed C.P. of ta¥h surface.

@ center of propeller,

angle of attack, degrees (shown positive). .

gliding angle, degrees,

force /M (positive upward and rearward),

mament /W (positive ocloskwise as showm).

horizontal distence from (D) (positive rearward),

> W% @ B & R
n

verticsl distance from (@ (positive upward),
All distances are expressed in terms of the Mih.Ce

Figure 17.—Basic forces in flight conditions.

for m, corresponds to that used for moment coefficients; that is, when the value of O, is negative
m; should also be negative, indicating & diving moment.

b. All distances should be divided by the A AC before being used in the computations.

¢. The propeller thrust should be assumed to act along the thrust axis.

d. The chord load acting at the tail surfaces may be neglected.

4. Compulation of Balaneing Loads—In Table V the computaiion of balancing loads is indi-
cated for typieal flight conditions. The equations are based on the fact that the use of the average
force coeflicients in connection with the design wing area, mean aerodynamic chord, and mean
aerodynamic center will give resultant forces and moments of the proper magnitude, direction
and location. Provision 13 made in the table for obtaining the balancing loads for different gross
weights. The table may be expanded to inelude computations for several leading conditions,
special flight conditions, or conditions involving the use of auxiliary devices. 1t should be noted
}t};a.t aﬁchange in the location of the O will require a corresponding change in the values of 2, and

on figure 17,

g. When the full-load center of gravity position is variable the airplane should be balanced
for both extreme positions unless it is apparent that only one is eritical. In certain cases it may
also be necessary to check the balancing tail lords required for the loading conditions which pro-
duce the most forward and most rearward center of gravity positions for which approval is desired.

38



STRUCTURAL LOADING CONDITIONS

5. The following explanatory notes refer by number to items appearing in Table V:

(3) The wing loading, s, should be based on the design wing area.
(5) my=limit load factor required for the condition being investigated. (See 04.21.)
(8) Determine Oy as specified in 04.21. See also eq. 8, page 19.
(10} Propeller thrust, F,,, should be determined from eq. 15, page 19 for conditions at Vi.
For conditions at V, assume Tigy=0.
(11) The value of ' is specified in 04.21. For & biplane see “E,” page 35. See also “D,”
page 34 in cases involving wing flaps.
(13) The net tail load factor, ns, is found by a summation of moments about point (2) of
figure 17, from which the following equation is obtained:

1

'ﬂ.g:(

m{ml_ﬂz1 ha-tny #2t1mz, (he—ha)]

NotE: The above explanatory notes apply only when the set-up shown in figure 17 is used. If a different
distribution of external loads or a different system of measuring distances is employed, the computations should
be correspondingly modified.

6. The preceding paragraphs 1-5 and items 1-16 in Table V cover the determination of the
balancing loads, without consideration for the moment which may be contributed by the fuselage
and nacelles. The following explanatory notes refer by numnber to items appearing in Table V
which provide for the determination of tail loads with consideration for fuselage moment effects,
as required by 04.2210.

(17} (. is the total moment coefficient about the C@ of the airplane less tail, as determined
from a wind tunnel test. When such test resulis are not available this item can be omitted,
as other provisions to cover cases of this type are given in item (18) following. It will be
noted that this coefficient is based on the design wing area and the mean aerodynamic chord.

TABLE V.—Balancing Computations
(8ee fig. 17 for symbals)
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(18) AC, is the increment in moment coefficient due to the fuselage and nacelle moments,
also based on design wing area and mean aerodynamic chord. en data on item (17) is
not available, AC,, can be assumed equal to —0.01.
(22) T is the tail load considering fuselage and nacelle moment effects.

04.22 CONTROL SURFACE LOADS,

04.220 General. In addition to the flight loads specified in § 04.21 the primary structure shall meet the
requirements hereinafter specified to aceount for the loads acting on the control surfaces. The following loading
conditions include the application of balancing loads (§ 04.128) derived from the symmetrieal flight conditions and
also cover the possibility of loading the contro! surfaces and systems in operating the airplane and by encountering
gusts. See also § 04.27 for multiplying factors of safety required in certain cases.

The requirements for the design of control surfaces are based on the two separate functions
of control surfaces: balancing and mancuvering. The requirements are specified so as to account
also for the effects of auxiliary control devices, gust loads, and control forces.

The average unit loading normal to any surface is determined by the force coeflicient Oy and
the dynamic pressure ¢, as shown by eq. 13, page 19. When dealing with tail surfaces, it is cus-
tomary to specify the value of Cy for the entire surface, including both the fixed and movable
surfaces. The total load so obtained is then distributed so ag to simulate the conditions which
exist in flight. In the case of ailerons, flaps or tabs, the value of Oy is usually determined only
for the particular surface, without reference to the surface to which it is attached.

The average unit loading is usuvally assumed to be constant over the span. On account of
the nature of the chord distribution curves specified in figures 18, 19, 20, it will be simpler to
assume that the unit loading at the hinge line 18 constant over the span.

Although there are no specific chord loading conditions for control surfaces specified in 04.22,
such surfaces should be designed to withstand a reasonable amount of chord load in either direction.
A total chord load equal to 20 percent of the maximum normal load may be used as & separate
design condition. The distribution along the span may be made proportional to the chord, if
desired. Tests for this condition are not required unless the structure is such as to indicate the
advisability of such tests.

©4.221 Horizontal tail surfaces.

04.2210 Balancing. The limit load aeting on the horizontal tail surface shall not be less than the maximum
balancing load obtained from Conditions I, IT, IIY, IV, VII, and VIII, In computing these loads for tail surface
design the moments of fuselage and nacelles shall be suitably accounted for. The factors given in Table VI shall
be used, with the following provisions: .

ay For Conditions I, II, IIf, and IV, P (in figure 18} =40 percent of net balancing load. (This roeans
that the load on the fixed surface should be 140 percent of the net balancing load.) In any case P need not exceed
that corresponding to a limil elevator control foree of 150 pounds applied by the pilot.

(6) For Conditions VII and VIII, P may be assumed equal to zero.

TARLE VI.—Loading Conditions for Horizental Tail Surfaces
o Balancing Manenvering Damping Tah cffects
Condition (p. 403 (p. 41) (p. 12} . (p 4D
1 Design speed {sec Airspeeds, page 25) . . oo o .. T o |oecrmee e mmmmeen Tr
2 Force coefficient, Cw ~55 (down }
T s s s o s bbb +4.35 {fup) |f--—-
8 Average Nmit PIOsSUTE, B 8 o oo oo e e mnm Cagp(?) |oomeee PR R,
4 Chord distribution_. .. __________ Fig. 19 Fig. Fig. 19(%
& Bpan distribation___ . ______ Constant Ca Constant C¥ | Constant Cx (%)
6 Minimum average Zimit pressure p. T O PO
7 Bpecial requirements . _._.________ | None. e None_..__..____ None,
8§ Minimum yield factor of safety jo. . . 1.0 1.0 L0 1.0
9 Minimom ultimate faetor of safety, fu.- - ___ 1.6 15 La 1.5

1 Over entire horizontal tail.
2 g, 15 the dynamjc pressure corresponding to ¥y see p. 16 (04118},
4 Hefers to main suriace, distcgarding tah; uniform pressure distribufion may he assumed over tab,

The balancing loads should be applied to the horizontal tail surfaces, as the ailerons and the
vertical tail surfaces are used only to & small extent for balancing purposes. The use of the vertical
tail surfaces for balancing a multi-engined airplane having one engine dead is provided for in
04.2220.

An acceptable method for accounting for fuselage and nacelle moments in the determination
of the balancing tail loads is given in “B6” page 39, and Table V. When wind tunnel tests have
been used in this process the tail loads T” in item 22 of this table may be used for design purposes.
When, however, the —0.01 moment increment has been used in lieu of wind tunnel tests to account
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for fuselage and nacelle moments, the balancing loads to be used for design purposes should be
taken as either item 16 or item 22 in Table V, whichever are most severe. This 1s to allow for a
possible range of fuselage and nacelle moment coefficients.

The chord distribution illustrated in figure 18 is intended to simulate a relatively high angle
of attack condition for the stabilizer, in which very high unit loadings can be obtained near the
leading edge. The opposite loading required for the elevator in the balancing condition provides
for the control force which the pilot might need to exert to hold the sirplane in equilibrium.

In figure 18, the load from the elevator is shown as a concentrated load acting at the elevator
hinge line. The hinge moment is, of course, resisted by the control system and therefore does
not affect the stabilizer. It will be noted in 04.2210 (b) that the opposite elevator load, P, may
be assumed equal to zero when the balancing load is obtsined with flaps deflected {Conditions
VII and VIII). This is based on the improbability of the pilots having to push on the elevator
control in order to obtain balance with flaps down.

- c k
Ly 45C— =4
; 22 o LOADON FIXED SURFACE
: 175 AREA OF FIXED SURTACE
Sur CENTROID OF LOADING AREA SHOWN
z_fu I * WNGE |5 0385C FROMLEADING EDGE
[] (]
f e ii }:I
\-.-____ ) jl - -

-

P
Figure 18.—*‘Balancing’’ distribution—horizontal tail.

04,2211 Maneuvering (horizonial surfaces). The factors and distributions specified in Table VI and figure
19 for this condition shall be used, together with the following provisions:

(a) The lmit unit loading in either direction need not exeeed that corresponding to a 200 pound foree on the
eievator control (see Table IX).

() The average limzt unit loading shall not be less than 15 pounds per square foot (see Table VI).

The requirements for maneuvering loads are intended mainly to place the determination of such
loads on a speed-force coeflicient basis, to specify values which agree substantially with previous
practice, and to provide for the effects of increasingly greater airplane speeds. It should be under-
stood that the method is designed for application to conventional airplanes and that in determining
1;o)he mc?,ne.uvering loads the designer should consider the type of service for which the airplane is to

e used. .

The design values of Cy represent cocfficients which can be attained by deflecting the control
surfaces, the highest value representing thelargest deflection of the movable surface expected at the
design speed. Lower values are used for up loads on the horizontal tail surfaces and for the vertical
tail surfaces, as the corresponding control forces are expected to be less in these cases. The numeri-
cal values of the coefficients are coordinated with the value of the factor K, in the equation for
design speed and do not represent the maximum coefficients which can be obtained with conventional

cpnti-rol surfaces. Higher values may be desirable in certain cases, depending on the purpose of the
airplane,

Figure 19.—‘‘Maneuvering’’ tail load distribution.
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_The chord distribution shown in figure 19 represents approximately the type of loading obtained
with the movable surface deflected. For tail surfaces, this type of loading is critical for the movable
surface and for the rear portion of the fixed surface.

04.2212 Damping (horizontal surfaces). The total limit load acting down on the fixed surface (stabilizer)
in the maneuvering condition (§ 04.2211) shall be applied in accordance with the load distribution of figure 20, acting
in either direction. The load acting on the movable surface in the maneuvering conaition may be neglected in
determining the damping loads.

When a control surface is deflected suddenly the full maneuvering load tends to build up
immediately, after which the airplane begins to acquire an angular velocity. This angular motion
causes the direction of the relative air stream over the fixed surface to change, which causes the air
load on this surface to build up in a direction such as to oppose the angular rotation of the airplane.
This load 18 concentrated near the leading edge of the fixed surface and is commonly referred to as
the damping load. It is provided for as a supplementary condition based on the initial maneuvering
condition. The damping load is closely related in magnitude to the initial maneuvering load which
produces it, so that it is convenient to use the latter loading condition to determine the damping
load on the fixed surface. To avoid the necessity for a separate analysis for damping loads, the
distribution is made the same as for the balancing loads. In the case of the horizontal surfaces, the
damping load therefore acts as a minimum [imit for the design of the fixed surface and need not be
investigated when the balancing load is eritical.

I_

-
T

il . -

— ~ - i

Figure 20.—“‘Damping’’ tail load distribution (see figure 18 for dimensions).

04.2213 Tab effecis (horizontal surfaces). When a tab iz installed so that it can be used by the pilot as a
tritnming or assisting deviee, a limit up load over the tab corresponding to the dynsmic pressure at ¥y, and the maxi-
mum tab deflection shall be assumed to act in eonjunction with the limit download specified in § 04.2211, disregarding
the provisions of § 04.2211 (a) applied over the remaining area. Ii the control foree necessary to balanee the result-
ing loads on the elevator and tab exceeds 200 pounds {Table IX), the loadings over the areas not covered by the tab
may be reduced until the control force is equal to this maximum lémit value.

The loading condition specified above is diagrammatically illustrated in figure 21. This condi-
tion represents the case of the tab load and the control force both acting so as to resist the hinge
moment due to the air load on the movable surface. For convenience, the distances and moments
can be computed for the neutral position of the movable surface and tab.  Actually, the tab load
will tend to decrease slightly when the movable surface is deflected, but this effect, being small and
difficult to determine rationally, can be neglected.

04.222 Vertical tail surfaces,
¢4.2220 Maneuvering. The factors given in Table VII and figure 19 for this condition shall be used, with
the following provisions: .
{) Tf the propeller axes are not in the plane of symmetry, the design speed shall not be less than the maxi-
mum speed in level flight with any engine inoperative.
(5) The limit unit loading in cither direction need not exceed that corresponding to the maximum limit
control foree (Table IX) exeept as modified by paragraph (¢) following.
{¢) In any case the average limif unit loading shall not be less than the minimum pressure specified in Table
VII for this condition.

The comments on page 41 in regard to horizontal surfaces also apply, in general, to the vertical
surfaces. . .

It is specified that the value of V, shall not be less than the level flight speed with one engine
dead. This is based on the assumption that the unbalanced yawing moment present in such a
condition will be balanced by the vertical tail surfaces. In some cases it may be advisable to
increase the value of the normal force coefficient to account for features such as engines which are
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F Ftdt + Fed. F¢ = CONTROL SYSTEM FORCE
e _—
de Fi=ToTAL TAB LoAD

Fe=TOTAL ELEVATOR LOAD
Figure 21.—Tab loading condition.

relatively far from the plane of symmetry. In estimating the speed with one engine dead the
following approximate equation may be used: :

1
V,,:o.gv{%

Where V,=speed with one engine dead.
V.=normal high speed.
n==total number of engines.

04.2221 Damping {vertical surfaces). The total limit load acting on the fixed surface (fin) in the maneuvering
condition shall be applied in accordance with the load distribution of figure 20, acting in either direction. The load
acting on the movahble surface in the mancuvering condition may be neglected in determining the damping loads.

The comments on page 42 in regard to horizontal surfaces also apply, in general, to the vertical
surfaces.

04.2222 QGusts (vertical surfaces). The gust conditions specified in Table VII shall be applied, using the
following formulae and provisions:
{@) The gust shall be assumed to be sharp-edged and to act normal to the plane of symmetry in either direc-
tion.
{by The average limit unit pressure, w, developed in striking the gust shall be determined from the following
formula:
w=UV¥m/575, where
w i8 in pounds per square foot,
{/ is in feet per second
V is in miles per hour and .
m=slope of lift curve, Cg per radian, corrected for aspect ratto. .
The aspect ratio shall not be taken as fess than 2.0 in any case. .
() This condition applies only to that portion of the vertical surface which has a well-defined leading edge.
(d) The chord distribution extending over the fixed and movable surfaces shall simulate that for g sym
metrieal airfoil, except that the distribution in figure 20 may be used where applicable. -
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TABLE VII.—Loading Conditions for Vertical Tail Surfaces

: Maneuvering Damping : Gust Tgb effects
Condition (p. 42} (p. 13) (- 43) (p. 44)
1 Design speed (see Airspeeds, D, 28) o . LR Vi (RS
2 CNargust.. ....o..ooo... - Cr=0.45 U=80fps | ..
3 Average limit pressure, p. 8. ? COngs P43 .
4 Chord distribution___.__ Fip. 19 Fig. 20 5 Fig, 20 ¢ Fig, 19
5 Span distribution ., ... . Constant Cx Constant Cx Constant Cv. ! Constant Cx
6 Minimum average limif pressure, p. & f0 . _______________________ 2 N AU S
7 Special requirements._____._.__. S S U M p.— None None None
8 Minimum yield factor of safety, v .- L. 1.9 1.0 1.0 1.0
9 Minimum uitimate factor of safely, fo_ . ooowooooo L _____ L5 1.5 15 1.5

1 Over entire vertical tail

2 ., i8 the dynamic pressure corresponding to Vy see p. 16 (04.118)

¥ Bee (a), p. 04.2220 for exception.

L See (@), p. (4.2223 for exception.

! Bee (¢), p. 04,2222,

& Refers to main surface, disregarding tab: uniform pressure-distribution may be assumed over tab),

The following points should be noted in connection with this requirement:

a. This gust condition applies only to that portion of the vertical surface which has a well
defined leading edge. The total effective area for this condition is therefore the sum of the fin and
rudder areas which lie behind such Ieading edge. In cases where the fin fairs gradually into the fuse-
lage the leading edge is considered to be well defined for these longitudinal sections through the
fin and rudder which have thickness-chord ratiog of .20 or less. For the purposes of this require-
ment the “fin” is considered to include any rudder balance area ahead of the extended trailing
edge of the fin.

*b. The chord distribution specified in figure 20 is applicable to those cases in which the mean
chords of the effective fin and rudder areas are of approximately the same magnitudes. When this
figure is used it should be noted that @ refers to the average limit pressure over the total effective
areg of the vertical surface. The total load acting is therefore equal to W times the total cffective
area. This load is, however, applied to the fin only, in accordance with the specified distribution.

¢. When the mean chords of the effective fin and rudder areas are of considerably different
magnitude, the chord distribution for a symmetrical airfoil should be used. This distribution can
%&_3 obtained from the curve marked “experimental mean” of figure 11, NACA Technical Report
No. 353.

04.2223 Tab effecis (vertical surfaces). When a tab ig installed on the vertical movable tail surface so
that it can be used by the pilot as a trimming device the mif unit loading over the entire vertieal tail surfaces shail
not be less than that eorresponding to the maximum deflection of the tab together with simultaneous application of
the following contrel foree in a direction assisting the tab action:

For nirplanes with al1 propeller axes in the plane of symmetry, zera.

For airplanes with propeller axes not in the plane of symmetry, 200 pounds,

The f{actors specified in Table VII for this condition shall be used, with the following exception:

(a) If the propeller axes are not in the plane of symmetry, the design speed Vy, specified in Table VII may
be reduced to the maximum speed in level fight with any engine inoperative.

04.2224 Special cases (vertical surfaces). A special ruling shall be obtained from the Administrator when
an automatic pilot is used on airplanes with propeller axes not in the plane of symmetry.

04,223 Ailerons.

04.2230 Maneuvering. The factors given in
Table VIII and figure 22 for this condition shall be
used, with the following provisions:

{a) If the propeller axes are not in the plane of HINGE
symmetry, the design speed shall not be less than
the maximum speed in level flight with any engine H

inoperative. S
(8) The limit unit loading in either direction "'“-l-_-., ~~b i
need not exeeed that corresponding to the maxi- i

murn control force (Table IX) resisted by only one i !
aileron, except as modified by paragraph (¢) =% i
following. e \

(¢) In any case the average limdt unit loading == == ==d
shall not be less than the minimum pressure speci- . . . g s .
fied in Table VIII for this condition, Figure 22.—Aileron load distribution.
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TABLE VIHI.—Loading Conditions for Ailerons

P4, Mabeuvering Tab effects
Condition (paze 44) (page 45)
1 Desipn speed (see Adrapeeds, D, B e ——— m————— 1V, 317y
B i T T Cw=045 |
3 Average i pressure, p. &, f__ LN 7Y P R
4 Chord distribution. .. ...__ Fig. 22 i Fig. 22
5 Span distribution________________ Constant Cw ¢ Constant Cy
§ Minimum gverage 2{mif pressure, . 120 .
7 Special requirements. ... ! e immmmm—ec e ), page 44 | ___..
8 Minimum yield factor of SAfeby, fy_ oo e e e Lo 1.0
9 Minimam ultimate factoT of 8afedF, fa o oo mmm e mm——— 15 L5

I See (2), 04,2230 for exception.

? ¢p i8 the dynamic pressure corresponding to ¥, see dynamic pressure, page 16 (04.118.)

8 V7 is the maximum level fight air speed with any engine ineperative,

1+ Refers to main surface, disregsrding tab; uniform pressure distribution may be assumed over tab.

04.2231 Tab effects (ailerons). (Applies only to airplanes with propeller axes not in the plane of symmetry.)
When a tab is installed on one or both ailerons so that it ean be used by the pilot to assist in moving the ailerong
the limit unit loading over both ailerons shall be of sufficient magnitude ahd in such direction as to hold the ailerons
in equilibrium with the tab or tabs deflected to the maximum position. The factors specified in Table VIII for this
eondition shall be used. ’

04.2232 Flying conditions (ailerons). The ailerons and their control system shall be capable of meeting all
requirements specified in the basic symmetrical fiying conditions so far as the latter produee symmetrieal loads on
_ the ailerons.

04.224 Wing flaps. Wing flaps shall be loaded in aceordance with Conditions VII and VIIT (§ 04,2141 and
§ 04.2142) and in addition shall be capable of developing an ultimate factor of safety of at least 1.5 with respect to
any intermediate eonditions which are more severe for any part of the flap or its operating mechanism.

In the design of wing flaps, the critical loading is usually obtained when the flap is completely
extended. The requirements apply only when the flaps are not used at speeds above a certain
predctermined design speed. As noted in 04.743, a placard is required to inform the pilot of the
speed which should not be exceeded with flaps extended. Reference should be made to current
NACA Reports and Notes for acceptable flap data.

04.225 Tabs. The limit forces acting on control-surface tabs shall be determined from the most severe
combination of airplane speed and tab normal force coeflicient likely 40 be obtained for any usahble loading condition
of the airplane and at speeds up to the design gliding speeds, V,. An ultimate factor of safety of at Jeast 1.5 shall
be maintained.

04.226 Special devices. Special rulings shall be obtained from the Administrator in eonnection with the
design and analysis of wing-slot structures, spoilers, unconventional ailerons, auxiliary airfoils, and similar devices.
Requests for speeial rulings shall be accompanied by suitable drawings or gketches of the strueture in question,
together with general information and en outline of the methods by which it is preposed to determine the struetural
loading.

04.23 CONTROL SYSTEM LOADS,

04.230 General. All control systems shall be designed for limit loads 25 pereent, greater than those correspond-
ing to the limii loads specified for the control surfaces to which they are attached, assuming the movable surface
to be in that position which produces the greatest load in the eontrol system, except that the maximum and mini-
mum control force limits in Table IX shall apply ag hereinafter specified, 'The facrors of safety specified in Table
IX shall be uged, See also § 04.27 for multiplying factors of safety required in certain cases, See also § 04.331 for
operation requirements for control systems.

In ali cases the limit loads for control systems are specified as 125 percent of the actual loads
corresponding to the control surface limit loading, with certain maximum and minimum contrel
force limits. The factor of 1.25 is used to account for various features, such as:

a. Differences between the actual and the assumed control surface load distribution.
b. Desirability of extra strength in the control system to reduce deflections.
¢. Reduction in strength duc to wear, play in joints, ete.

The maximum control force limits are based on the greatest probable forces which will be
exerted by the pilot. These forces can be exceeded under severe conditions, but the probability of
this oceurrence is very low. The ultimate factor of safety of 1.5, which is required in any case, will
permit the maximum limit load to be excceded for a relatively short time without serious conse-
quences.

The minimum control force limits apply only to cases in which the control surface limit loads
are relatively small. The minimum control forces may be applied when the control surfaces are
completely utilized and are against the stops.

The requirement of the multiplying factor of safety of 1.20 for fittings does not apply in the case
of control systems, as the factor of 1.25 provides a sufficient margin and conservative rules are
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specified for determining allowable bearing stresses in joints. When the control system is designed
by either the maximum or minimum control forees it 1s also unnecessary to use the extra factor of
safety for fittings. .

04.2300 The forces in the eontrol wires or push rods operating the movable surfaces shall be cornputed and
their effect on the rest of the structure shall be investigated and allowed for in the design of such structure.

04.231 Elevator systems. 1In applying § 04.230 the control force specified in Table IX and figure 23 shall
be assumed to act in a fore-and-aft direction and shall be applicd at the grip of a control stick, or shall be equally
divided between two diametrieally opposite peints on the rim of & control wheel,

TABLE IX.—Loading Conditions for Control Systems
(See General, page 45)

| Rudder
sos Elevator | . . Allerom Plaps, tabs,
Condition o :;: 25) Sy;x;uuzlﬂwl Iégﬁﬁﬁl:tt;l iha éroﬁ) ecc??;age e
{page 46) (page 46)
1 Maximum Hmit control foree, pounds._._ . _____ . ___._________...__. 200 200 200 30 Nene
2 Minimum dmit control foree, pounds________________________.. ... Fig. 28 130 200 Fig, 24 | Sen gemml.
3 Minimum yicld tactor of salety, oo - ooocoeoe ool 1.a 1.4 1.9 10 p- 25 Lu
4 Minimum yltimate factor of 58fet¥, Fae oo oo oa e 1.5 15 15 16 1.5
1 Propeller axes all in plane of symmetry.
1 Propeller axes not all in plane of symmetry,
D OO pranpemnpummp—r L uar s ey T e pe——T r——T—
. Fl= zooMaxiMuUM)
F ) A
LT WITHIN THIS RANGE
ELEVATOR CONTROL FORCES ARE
CONTROL / DETERMINED BY CAR 042
oo™, o0 [ AN AL
{PounNDS) 100 7 e \\ \
% MINIMUM ’
LF=TO +0.06(W-500) ]
o 1 L ' 1 1 L 1 1 . i I 1 L 1 1 1 " X 3 "
o sS00 1000 1500 2000 . 2500

GROSS WEIGHT - POUNDS
Figure 23.—Elevator control force limits.

04.232 Rudder systems. In applyving § 04.230 the control force specified in Table IX shall be assumed fo
act in a direction which will produce the greatest load in the control system and shall be applied at the point of
contact of the pilot's foot.

04.233 Aileron systems. In applving § 04.280 it shall be assumed that the ailerons are loaded in opposite
directions. The control force specified in Table IX and figure 24 shall be assumed to act in a lateral direction at the
grip of a control stick, or shall be assumed to act as part of couple equal to the specified force multiplicd by the
diameter of a control wheel. The following assumptions shall be made:

(a) For nondifferential ailerons, 75 percent of the stick foree or couple ghall be assumed to be resisted by a
down aijleron, the remainder by the other aileron; also, as a separate condition, 50 percent shall be assumed to be
resisted by an up aileron, the remainder by the other aileron.

{b) For differential ailerons, 75 percent of the stick foree or eouple shall be assumed to be resisted by each
aileron in either the up or down position, or rational assumptions based on the geometry of the system ghall be made,

04.234 Flap and tab control systems. In-applying § 04.230 suitable minimumn manual forces shall be azsumed
to act on flap and tab control aystems and other similar controls,

It should be noted that the flap position which is most critical for the flap proper may not also
be critical for the flap control mechanism and supporting structure. In doubtful cases the flap
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hinge moment can be plotted as a function of flap angle for various angles of attack within the design
range. The necessary characteristic curves should be obtained from reliable wind tunnel tests.

The following design conditions apply to erank and twist type controls for airplanes certificated
in the transport category:

@. From the cockpit control to the control system stops, tab control systems should be de-
signed to withstand the following limif loads: (1) A torque of 133 inch-pounds applied to the con-
trol knob in the case of twist controls. (2) A torque given by the relation T=100 R applied to
the control wheel or crank in the case of controls that are not operated by a twisting motion. In
}his category will fall cranks, levers, and handwheels with a well-defined rim which can be grasped

or turning.

b. From the control system stops to the tab, tab control systems should be designed to with-
stand limit loads corresponding to 125 percent of the limit load used for the design of the tab. In
the case of multiple tabs or multiple surfaces each incorporating a tab, 125 percent of the limit load
should be applied to all tabs simultaneously.

¢. Care should be taken to secure & rugged connection between the tab and the irreversible
unit.

'oo T 1 1 1 L ¥ L] 4 L) ¥ L} T [} [} 3 L] | L L] 1} 1

= 80 MAKIMUM

CONTROL
s0 DETERMINED BY CAROSZ:23 \ =5 4
\ MINIMUM 3

FORCE.
=|s0+0.02(W-500) ]

(PounDSs)

NN

L ] 1 1 -] [] 1 L 3 L ] 1 1 1 L &
Lo S00 1000 ) 1500 2OO0 L5000
GROSS WEIGHT -~ POUNDS

Figure 24.--Aileron control force limits.

4.24 GROUND LOADS.

04.240 General. The following conditions represent the minimum amount of investigation reguired for
conventional (tail down type) landing gear. For unconventional types it may be necessary to investigate other
landing attitudes, depending on the arrangement and design of the landing gear members. Consideration will be
given o & reduction of the specified Iims! load factors when it ean be proved that the shock absorbing system will
positively limit the acceleration factor to a definite lower value in the drop test specified in § 04.2411. The mini-
mum factors of safety are specified for each loading condition. Bee also § 04.27 for multiplying factors of safety
required in certain cases. . .

1. Tail wheel type gear. The basic landing conditions outlined in 04.24 for conventional
land type gear are tabulated in Table X. This chart can be used as a summary of the load factors
for the Janding conditions by inserting the actual values used. ‘

2. Nose wheel type gear. The following design conditions have been found acceptable in
certain cases of nose wheel gear. It is emphasized, however, that all unusual features of a partic-
ular design should be investigated to insure that all pessible critical loadings have been considered.
See also page 77 for a discussion of encrgy abszorption tests,

a. Three-wheel landing with vertical reactions—The minimum limit load is specified in
figure 25. The value of the sum of the static ground reactions shall be the weight of the airplane
less landing gear. The total load shall be divided between the front and rear gear in inverse pro-
portion {o the distances, measured parallel to the ground line, from the C'¢ of the airplane less
landing gear to the points of contact with the ground. The load on the rear gear shall be divided
equally between wheels. Loads shall be assumed to be perpendicular to the ground line in the
three-wheel landing attitude, with all shock absorbing units and tires deflected to one-half their
total travel unless it is apparent that a more critical arrangement could exist. The critical posi-
tions of the C@ shall be investigated. The minimum ultimate factor of safety shall be 1.5

b. Three-wheel landing with inclined reactions.—The minimum limit load factor is specified
in figure 25. The resultant of the ground reactions shall be a force lying in the plane of symmetry
and passing through the C@ of the airplane less landing gear. The basic value of the vertical

47



04.240 AIRPLANE AIRWORTHINESS
component of the resultant force shall be equal to the weight of the airplane less landing gear.
The horizontal component shall be 25 percent of the vertical, acting aft. The total force shall be
so divided between the front and rear gear that the resultant moment acting on the airplane will
be zero. The load on the rear gear shall be divided equally between wheels. The shock absorbers
and tires shall be deflected to the same degree as in condition @ above. The critical positions of the
(@ shall be investigated. The mindmum ultimate factor of safety shall be 1.5.

€. Two—whee% landing with vertical reactions—nose uwp.—The minimum limit load factor is
specified in figure 25. The airplane shall be assumed to be in an extreme nose-up attitude. The
gross weight of the airplane less the rear gear shall be assumed to act at the rear wheels in a direc-
tion perpendicular to the ground line. The total load shall be divided equally between the two

rear wheels. The resultant moment on the airplane shall be balanced by inertia forces. The
shock absorbers and tires shall be deflected to the same degres as in condition @ above. The
minimum ultimate factor of safety shall be 1.5.
TABLE X.—Landplane Landing Conditions for Tail Wheel Type Gear
Condition Level 3-point Side L One-wheel landing ! Braked
04 Regulation_ . _________.____ . 241 . 242 . 243 244 L2245
90 2 Same as level 0. 667 0. 5 Jevel 133
Load factor n? (imit)._.___._._. 280ty g
8.0040.133 (F/.5)

Attitude. ... ..o Propelier axis horizontal 3-point 3-point ¢ Propeller axis horizontal 3-point ¢

Vertical component. .. _________ aWe wWT nWe nWé nws

Rearward componont... ... .... Resultani through CGF 8 Zero 0.55 n W~ | Resultant 7 ¢ through ¢ | 0.55 vertical

{side view)

Side component_________________ Zero Zero nW {inward} Zera Zero

Shack strut deflection. ... __.__. 30% travel ¢ 509% travel ® | Static pesition 805 travel 50%; travel

Tire deflection.. ______________._ 50%, B0% 25% i 5055 259, [

§ W is gross welght,
? Dristributed to wheels and skid so that moments about Cf equals
zero,

1 Gomdponents act on one wheel only.
2 Need not exceed 4,33,
3 Use smaller valae. See also note 2 above,

4 Reaclion at tail equals zoro.

& W is gross weight less wheels and chassis,

¥ Neod not exceed 259, vertical component.
? Unless apparent more critical conditions exists.

d. Two-wheel landing with inclined reactions—nose up.—The minimum limit load factor is

The

specified in figure 25. The airplane shall be assumed to be in an extreme nose-up attitude.
resultant force shall be determined in the same manner as in condition b above except that the
gross weight of the airplane less the rear gear shall be used. The total load shall be divided equally
between the two rear wheels. The resultant moment on the airplane shall be balanced by inertia
forces. The shock absorbers and tires shall be deflected to the same degree as in condition & above.
The minimum ultimate factor of safety shall be 1.5.

¢. Two-wheel landing with inclined reactions—nose down.—The minimum limit load factor
is specified in figure 25. The airplane shall be assumed to be in a nose-down attitude with the
front wheel just off the ground. The resultant foree shall be determined in the same manner as
in condition & above except that the weight of the airplane less the rear gear shall be used. The
total load shall be divided equally between the two rear wheels. The resultant moment on the
airplane shall be balanced by inertia forces. The shock absorbers and tires shall be deflected to
the same degree as in condition ¢ above. The critical position of the C& shall be investigated.
The mimimum ultimate factor of safety shall be 1.5.

1. Two-wheel landing with brakes—nose down.—The minimum limit load factor shall be
1.33. The airplane shall be assumed to be in a nose-down attitude with the front wheel just off
the ground. The gross weight of the airplane less the rear gear shall be assumed to act at the
rear wheels in a direction perpendicular to the ground line. In addition, a horizontel aft com-
ponent equal to 0.55 times the vertical shall be applied at each wheel at the points of contact
with the ground. The total load shall be divided equally between the two rear wheels. The
resultant moment on the airplane shali be balanced by inertia forces. The tires shall be assumed
to have deflected not more than one-quarter the nominal diameter of their cross-section, and the
deflection. of the shock absorbers shall be the same as in condition ¢ above. The minimum ulti-
mate factor of safety shall be 1.5.

g. Side drift lending.—The minimum limit load factor is specified in figure 25. The atti-
tude of the airplane, the vertical components of the landing gear reactions, and the deflections of
the shock absorbers and tires shall be the same as in condition ¢ above. In addition, a herizontal
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aft component and a side component, each equal to 0.25 times the vertical component, shall be
applied at each wheel at the points of contact with the ground. The resultant moment on the
arrplane shall be balanced by inertia forces. The minimum ultimate factor of safety shall be 1.5.

h. Side drift landing with brakes.—The minimum limit load factor shall be 1.0. The atti-
tude of the airplane, the static ground reactions on the front and rear gear, and the deflections of
the shock absorbers and tires shall be the same as in condition ¢ above. The total load on the
rear gear shall, however, be applied entirely on one wheel. In addition, a side component equal
to 0.75 times the vertical component shall be applied at each wheel at the points of contact with
the ground. The side load at the rear wheel shall be assumed to aet inward and the side load
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at the nose wheel shall be assumed to act in the same direction. A horizontal aft component
equal to 0.55 times the vertical commponent shall be applied at the point of contact with the ground
of each wheel equipped with brakes. (It should be noted that one rear wheel is not loaded.) The
resultant moment on the airplane shall be balanced by inertia forces. The minimum ultimate
factor of safety shall be 1.5.

1. One-wheel landing—An investigation of the fuselage structure is required for a one-wheel
landing in which only those loads obtained on one side of the fuselage in condition ¢ above are
applied. The resulting limit load factor is therefore one-half of the minimum limit load factor
specified in figure 25. (This condition is identical with condition ¢ above insofar as the landing
gear structure is concerned.) The minimum ultimate factor of safety shall be 1.5.

3. Ski gear. As noted in 04.2410, the ground loads for ski gear are the same as for wheel
gear. However, the strength of skis and ski pedestals must be substantiated in accordance with
the requirements of CAR 15.12, Bee also Manual 15,12, Approval of ski instailations is covered
on page 13. The Canadian ski gear requirements, which are of interest to manufacturers con-
templating export to Canada, are listed in Inspection Handbook, Chapter XTI.

4. Special considerations. When lower limit and ultimate load factors are used under the
provisions of 04.240, adequate provision should be made to likewise hold the taxiing accelerations
to lower values. Consideration should also be given to the fact that with such gear there is a
tendency to make landings with a higher rate of descent than is common with gear developing
higher factors. When lower factors are used in the case of rubber shock absorbers, special rulings
should be obtained from the Administrator. When lower factors are used with oleo type gear
the following practice has been found acceptable:

a. Such lower design load factors should never be less than one-half the conventional values.

b. A margin between the design load factor and the load factor developed in the drop test
should be shown. This margin should be at least 20 percent {of the design load factor) at the
one-half value noted in ¢ above, and may decrease linearly to zero as the conventional design
load factors are reached.

¢. The use of such lower ultimate load factors should be justified by drop tests in which
the complete landing gear is used.

The provisions of ¢ and b above can be expressed by the formulas given below, The maxi-

mum permissible developed load factor is

2n, n
= 2
3n,—n

1,

and the minimum required ultimate load factor for use in the analyses is

ne— 3n, ng
~2n,tnd
~ but » should not be less than 0.5n,, where .

n,= ultimate load factor (value from fig. 25 times 1.5),
n= minimum required ultimate load factor for use in the analysis,
n;= maximum permissible load factor developed in the drop test.

04,241 Level landing. The minimum Fmit load factor is specified in figure 25. The resultant of the ground
reaction shall be assumed to be a force lying at the intersection of the plane of symmetry and a plane in which are
located the axles and the center of gravity of the ajfrplane less chassis. The propeller axis (or equivalent reference
line) shall be assumed horizontal and the basic value of the vertical component of the resultant of the ground reaction
shall be equal to the gross weight of the airplane minus chassis and wheels. The horizontal component shall be
of the magnitude required to give the resultant force the specified direction except that it need not be greater than
25 percent of the vertical component. The resultant of the ground reaction shall be assumed to be divided equally
between wheels and to be applied at the axle at the center of the wheel. The shoek-absorber unit and tires shall be
assumed to be deflected to half their total travel, unless it is apparent that a more critical arrangement eould exist,
The minimum wltimate factor of safety shall be 1.5.

04.2410 If a sliding element instead of a rolling element is used for the landing gear, a horizontal component
of one-half of the vertical component shall be used to represent the effect of ground friction, except that ski gear
which iz designed and used only for landing on snow and ice may be designed for the same horizontal component
as wheel gear.

04.2411 Energy absorption. The level landing condition specified in § 04,241 shall be assumed to be produced
by a free drop, in inches, equal to 0.36 times the calculated stalling speed (Vs) in miles per hour, except that the heights
of free drop shall not be less than 18 inches for airplanes employing devices which increase the normal sinking speed,
but need not exceed 18 inches when such devices are not employed. The height of free drop is measured from the
bo(tit%T ‘Eifﬂt;m tire t0 the ground, with the landing gear extended to its extreme unloaded position. (See §§ 04.340
E:3 11 440,
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The definition of stalling speed V, used in drop height calculations is given in 04.113. If
accurate flight test data for the airplane in question, or for a very similar airplane, are available,
such data may be used ag a basis for caleulating the power-off stalling speed. However, the deter-
mination of speeds in the flight tests used in this connection should not involve an extensive ex-
trapolation of the airspeed calibration. See also discussion on “Energy Absorption Tests,” page 77.

04.242 Three-point landing. The minimum l#mit load factor is specified in figure 25. The value of the sum
of the statie ground reactions shall be the gross weight of the airplane less chassis. The total load shall be divided
between the chassis and tail skid or wheel in inverse proportion to the distances, measured parailel to the ground
line, from the center of gravity of the airplane less chassiz to the points of contact with the ground. The load on
the chassis shall be divided equally between wheels. Loads shall be assumed to be perpendicular to the ground line
in the tree-point landing attitude, with all ehock abserbers and tires deflected to the same degree as in level landing,
The tail wheel or skid installation shall also be investigated for this condition. The minimum wulifmate factor of
safety shall be 1.5.

04.2420 Energy absorption. The three-point landing eondition specified in § 04.242 shall be assumed to be
produced by a free drop as specified under § 04.2411. This requires shoek absorption by both main wheels and tail
wheel (or skid). (See §§ 04.340 and following discussion, page 77, and .04.440, page 112}

04.243 BSideload. The minimum limé load factor shall be 0.667. The weight of the airplane shall be assumed
to act on one wheel in a direction perpendicular to the ground. In addition, & side component of equal magnitude
shall be assumed to act inward and normal to the plane of symmetry at the point of contact of the wheel, and an
aft component equal to 0.55 times the vertical eomponent shall be assumed to act parallel to the ground at such
peint, The airplane shall be assumed to be in a three-point attitude with the shock absorbers deflected to their
static position and the tires deflected one-guarter the nominal diameter of their eross section. The minimum
witimate factor of safety shall be 1.5.

This condition represents a loading such as would be obtained in a ground loop.

04.244 One-wheel landing. An investigation of the fuselage structure is required for a one-wheel landing,
in which only those loads obtained on one side of the fuselage in the level landing condition are applied.
The resulting load factor is therefore one-half of the level landing load factor. (This condition is identical with
the level landing condition insofar as the landing gear structure is concerned.) The minimum wultimate factor of
safety shall be 1.5.

This condition represents the ‘““whipping” condition obtained in either of the two following

casges:
¢. The airplane strikes the ground with one wheel only. The initial loading is such as te

produce a relatively high angular acceleration, which is resisted by the angular inertia of the air-
plane about its longitudinal axis through the center of gravity.
' b After striking the ground on one wheel, or alter a landing with considerable side load,
the airplane has acquired an angular velocity about its longitudinal axis and tends to roll over on
one wheel. By the time the opposite wheel is cleared of the ground, any appreeiable side load will
probably have disappeared, so that the one-wheel landing condition can be used again without
modification. Any tendency to continue rolling after the load has been transferred entirely to
one wheel will not be likely to increase the load on that wheel, as the kinetic energy of rotation will
be converted into potential energy by the rise of the center of gravity.

This condition does not require an additional investigation of the landing gear strueture as
the loads are the same as in level landing,

04.245 Braked landing. The minimum limif load factor shall be 1.33. Airplanes equipped with brakes
shall be investigated for the loads incurred when a landing is made with the wheels locked and the airplane is in an
attitude such that the tail skid or whecl just clears the ground. The weight of the airplane less chassis shall be
assumed to act on the wheels in a direction perpendicuiar to the ground line in this attitude. In addition, a com-
ponent parailel to the ground line shail be assumed to act at the point of eontact of the wheels and the grouad, the
magnitude of this component being equal to the weight of the airplane less chassis times a coefficient of friction of
0.55. The tire in all cases ghall be assumed to have defleeted not more than one-quarter the nominal diameter of its
eross section, and the deflection of the shock absorbers shsll be the same as in level landing. The minimum wltimate
factor of safety shall be 1.5,

04.246 Side loads on tail wheel or skid. Suitable assumptions shall be made to cover side loads acting on
tail skids or tail wheels which are not free to swivel or which can be locked or steered by the pilot.

1t i8 required that suitable assumptions shall be made to cover side loads acting on tail skids
or tail wheels which arc not free to swivel or which can be locked or steered by the pilot. In such
cases it will be satisfactory to consider a side load acting alene and having a limit value equal to
one-fourth the limit load acting on the tail skid (or wheel) in the three point landing condition
(04.242), This side load should act normal to the plane of symmetry at the center of contact of
~the skid {or wheel) and the ground. The attitude of the airplane and the deflections of the tire
and shock absorber unit should be assumed the same as in the three point landing condition.
The minimum ultimate factor of safety should be 1.5.

51



04.25
04.252 AIRPLANE AIBWORTHINESS

It is also recommended that this side load condition be applied to swiveling tail wheel units
with the modification that the wheel is assumed to be rotated 90 degrees from the plane of sym-
metry and the side load to be applied through the center of the axle.

04.25 WATER LOADS.

04.250 General. The following requirements shall apply to the entire airplane, but have particular reference
to hull structures, wings, naeelles, and float supporting structure. The requirements for eertification of floats as
individual items of equipment are specified in Part 15. The minimum factors of safety are specified for each loading
condition. See also § 04.27 for multiplying factors of safety required in certain cases. Detail design requirementa
for hulls and floats are specified in § (04.45,

The basic water landing conditions are given in Table XI. This chart can be used as & sum-
mary of the load factors for the landing conditions by inserting the actual values used.

The landing conditions outlined for float seaplanes correspond, in general, to the conditions
used for landplanes. These conditions apply to conventional float installations and in such cases
will provide a sufficient range of loadings. When unconventional types of float bracing are cm-
ployed it may be advisable to investigate other landing attitudes, depending on the type of loading
which appears to be most eritical for the structure.

In certain landing conditions & higher value of the minimum factor of safety is required for
some portions of the structure. This is primarily for the purpose of obtaining greater rigidity
and to provide for possible variations in the load distribution. In general, whenever the total
factor of safety is 1.80 or greater, no further increase is required for fittings. (See Table XII).
It may be advisable, however, to use an increased factor for fittings which are highly stressed or
subjected to reversal of loading, in order to provide for the effects of stress concentration, fatigue,
and wear at joints.

TABLE XL—Seaplane Landing Conditions

COMPONENT FLOAT
. " Inclined Vertical N
Condition renction reaction 8ide lJanding
04 Regnlation._.___________. .25 . 252 253
Nmit) - 3420 44 33 4.0
Vertical reaction. _____.____. ; inW Bn W iaW
Rearward reaction. ... | 1{ vertical a 0
Side reaction._._______._._. 0 0 3 vertieal
ResultBnt - moeeesnmaceoe o Through CG less floats and { In plane through CG ang
bracing perpendicular to propeller
Bxis
11.85 i
Factor of safety____________. { 5150 } 1. 50
Attitude. . ... Propeller axis or reference line horizontal
t For float requirements see 04.257 and CAR 15.11. t For float attachments and fuselage carry-thru members,
2 Need not cxeceed 3.00 +.133 (W/S}) - 5 For remaining structural mem bers,

¥ W is gross weight less floats and braeing.

04,251 Landing with inclined reactions (float seaplanes). The vertical component of the l{imit load factor
shall be 4.20 except that it need not exceed a value given by the following formula:

n=23.040.133 (W/3).

The propeller axis (or equivalent referenee line) shall be assumed to be horizontal and the resultant water reaction
to be acting in the plane of symmetry and passing through the center of gravity of the airplane less floats and float
braeing but inclined so that its horizontal component is equal to one-guarter of its vertical component. The forces
representing the weights of and in the airplane shall be assumed to act in a direction parallel to the water reaction.
The weight of the floats and fluat bracing may be deducted from the gross weight of the airplane,

04.2510 For the design of float attachment members, including the members necessary to complete a rigid
brace truss through the fuselage, the minimum witimate factor of safety shall be 1.85. For the remaining structural
members the minimum wlfZmate factor of safety shall be 1.50.

04.252 Landing with vertical reactions (float seaplanes). 'The limit load factor shall be 4.33, acting vertically,
except that it need not exeeed a value given by the followihg formula:

n=3.04-0.133 (W/8).

The propeller axis (or equivalent reference line) shall be assumed to be horizontal, and the resultant water reaction
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to be vertical and passing through the center of gravity of the airplane less floats and flgat bracing, The weight
of the floats and float bracing may be deducted from the gross weight of the airplane.

04.2520 The minimum factors of safety shall be the same as those specified in § 04.2510,

04.253 Landing with side load (float seaplanes). The vertical component of the limit load factor shall be
4.0, to be applied to the gross weight of the airplane less floats and float braeing. The propeller axis (or equivalent
reference line) shall be assumed to be horizontal and the resultant water reaction shall be assumed to be in the ver-
tical plane which passes through the center of gravity of the airplane less floats and float bracing and is perpendieular
to the propeller axis. The vertical load shall be applied through the keel or keels of the float or floats, and evenly
divided between the floats when twin floats are used. A side load equal to one-fourth of the vertical load shall be
applied along a line approximately half-way between the bottom of the keel and the level of the water line at regt.
When built-in struts are used, check calculations shall be made for the buili-in struts with the side load at the level
of the water line at rest. When twin floats are used, the entire side load specified shall be applied to the float on
the side from which the water reaction originates. The minimum wlizmate factor of safety shall be 1.50,

(04.254 Boat seaplanes.

04.2540 Local bottom pressures. (a) Maximum loeal pressure. The maximum value of the limit local
pressure shall be determined from the following equation:

Peone=0.055 V14 (1 + 50’%} ) By e
)

p=rpressure, pounds per square inch

V,=stalling speed, flaps down, power on, in miles per hour. (To be caleulated on the basis of wind tunnel
data or flight tests on previous airplanes.)

W=design weight.

The minimum uliimale factor of safety shallbe 1.5, (b) Variation in loeal pressure. The local pressures to be applied
to the hull bottom shall vary in accordance with figure 26. No variation from keel to chine (beamnwise) shall be
assumed, exeept when the chine flare indiecates the advisability of higher pressures of the chine. (¢) Application
of local pressure. The local pressures determined from § 04.2540 {a) and figure 26 shall be applied over a local
ares in such & manner as to cause the maximum local loads in the hull bottom strueture.

_E"z' Frox

T

Figure 26.—Disiribution of local pressures—boat seaplanes.

Since it is assumed that local pressures are applied only over a limited area at any instant, it is
hecessary to set up some value for such an area. Any solution to this problem will necessarily be an
arbitrary one, therefore, it is desirable to consider the practical side of the picture. If the designer
is held strictly to a certain shape and size of loaded area, it might complicate the structural analysis
problem. To avoid this, a more flexible requirement is set up to the effect that the area shall be
taken such as to causc the greatest local stresses in the adjacent structure. In no case need this
area exceed a value of 2.0 square feet.

To illustrate the above, if a conventional plate-stringer bottom is nsed, the area could be taken
is that determined by the stringer and frame spacing. This would be critical for the plate. To
check the stringer and the attachment of the stringer to the frame, and to produce a maximum
local load on the frame, the pressure would be applied to one stringer over an area of the same value
assuming the resulting load to be resisted entirely at the stringer attachment.

There have been several failures in actual practice of various hull components due to negative
pressures alt of the front step. However, since data econcerning negative pressures are so limited,
1t is not deemed advisable to specify any design criteria for this condition.
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04.2541 Distributed bottom pressures. (a)} For the purpose of designing frames, keels, and chine structure,
the limit pressures obtained from § 04.2540 {(a) and figure 26 shall he reduced to one-half the *local’’ values and
simultaneously applied over the entire hull bottom. The loads so obtained shall be earried into the side-wall strue-
ture of the hull proper, but need not be transmitted in a fore-and-aft direction as shear and bending loads, The
minimum ultimate factor of safety shall be 1.5. (b) Unsymmetrical loading. Each floor member or frame shall
be designed for a load on one side of the hull centeriine equal to the most eritical symmetrical loading, combined with
a load on the other side of the hull centerline-equal to one-half of the most eritieal symmetrical loading,

Although the bottom plating and stringers will be designed by local pressure, major members
such as cross-frames and the keel will be critical when larger areas are loaded. Water tests indicate
that average pressures over relatively large arcas are considerably less than the “peak’ local pres-
sures. The requirement for distributed pressure consists of applying simultaneously over the entire
hull bottom one-half of the pressure values required for local pressures,

The distributed pressure requirements are not intended to design the shell structure of the hull
(sides in shear, ete.) but apply to belt frames, keels, bulkheads, and the attachment of the cross
frames to the sides of the hull structure. :

04.2542 Step loading condition. (e) Application of load. The resultant water load shall be applied ver-
tically in the plane of symmetry so as to pass through the center of gravity of the airplane (in full load eondition).
{b) Acceleration. The limst acceleration shall be 4,33, (c) Hull shear and bending loads. The hull shear and bend-
ing loads ghall be computed from the inertia loads produced by the vertical water load. To avoid excessive loeal
shear loads and bending moments near the point of water load application, the water load may be distributed over
the hull bottom, using pressures not less than those specified in § 04.2541 {¢). The minimum wultimate factor of
safety shall be 1.5.

The local and distributed pressure requirements are intended to take eare of the hull bottom as
such, and therefore it is not too important to correlate the maximum impact factor with bottom
pressure. This is further justified by the fact that the maximum impact factor does not oceur until
a considerable portion of the bottom has been submerged, at which time the bottom pressures have
dropped considerably below the maximum values likely to be obtained locally. ,

The step loading condition is critical for the hull in shear and bending, and also may produce
maximum downward inertia loads from nacelles, etc. The calculations can be considerably simpli-
fied if the resultant load is assumed to pass vertically through the center of gravity. Although the
load may act at some point other than the 0@ and may actually be inclined rearward, these refine-
ments will have very little effect on the shears and bending moments in the huil structure and may
therefore be neglected. In order to provide adequate strength against forward inertia loads coming
from wings, nacelles, etc., a rearward acting load is included in the bow loading condition.,

To avoid excessive load shear loads and bending moments near the point of water load appli-
cation, the water load may be distributed over the hull bottom. The area to be used in deter-
mining pressures (for comparison with those specified in 04.2541(a)) should be the projected area

of the hull bottom on a horizontal plane which intersects the bottom of the keel at the front step.

04.2543 Bow loading condition. {(a) Application of load. The resultant water load shall be applied in the
plane of symmetry at & point one-tenth of the distance from the bow to the step and shall be direeted upward and
rearward at an angle of 30 degrees from the vertieal, () Magnitude of load. The magnitude of the limi resultant
water load shall be determined from the following equation:

Po=4n,W,, where

Py ig the load in pounds,

n, i3 the step landing load factor,

W, is'an effective weight which is assumed equal to one-half the design weight of the airplane,

{(¢) Hull shear and bending loads, The hull shear and bending loads shalt be determined by proper considera-
tion of the inertia loads which resist the linear and angular accelerations involved. To avoid excessive local shear
loads, the water reaction may be distributed over the hull bottom, using pressure not less than those specified in
§ 04.2541 (o). The minimum wliimate factor of safety shall be 1.5.

The most severe upward shear loads and bending moments for the forward portion of the hull
structure are probably caused by an impact load near the bow. Such a loading condition is likely
to be obtained in landing or in take-off from rough water. A simplified procedure to cover this
conditioél is discussed below. More rational methods may, of course, be used, subject to acceptance
by the CAA.

Considering the arbitrary nature of the hull loading conditions, it scems reasonable to digpense
with numerous refinements in specifying the loading condition and to apply a concentrated load at
some specified point in an arbitrarily chosen dircetion. Therefore, the bow npact load is applied
to the keel at a point one-tenth of the distance from the bow to the step, and in an upward and rear-
ward direction at an angle of 30° from the vertical. See figure 27a. As this loading condition will
produce a combination of vertical horizontal, and angular accelerations, all items of weight will
produce inertia loads accordingly.
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In those eases when it would be otherwise unnecessary to calculate the moment of inertia of
the airplane about its lateral axis, the specified condition may be replaced by a simplified loading
by making some conservative assumptions. To simplify the computation of inertia loads, an
“average’’ linear acceleration factor can be used. The approximate method then consists of apply-
ing to the keel at a point one-tenth of the distance from the bow to the step a load equal 1o
nyW.=4n, ¥, and computing the inertia loads over the forward portion of the hull by using a load
factor of 0.65n, applied vertically, together with a horizontal component of 0.50n,. This would
result in an unbalanced bending moment and shear by the rearward portion of the hull. Since
this condition is not likely to be critical for the rearward portion of the structure, these unbalaneed
forces and moments need not be applied to the rear portion for design purposes. The “simplified’’
system for the bow loading condition is illustrated by figure 27a.

The use of a horizontal component of .50n, in the “simplified” bow loading condition insures
adequate forward-acting inertia loads for local design. :

To avoid excessive local shear loads, the water reaction may be distributed over the hull
bottom. The area to be used in determining pressures (for comparison with those specified in
04.2541(a)) shouwld be the projected area of the hull bottom on a plane which is normal to the
resultant water load, and which intersects the bottom of the keel at o point one-tenth of the distance
from the bow to the step.

(o) Application of Bow Load

Fos Np We
EXTERNAL (WATER!) LOADS

0.50n,

~ANY POINT FORWARD OF C.g,

0.65 n,

INTERNAL (INERTIA) LOADS
{b) Simplified Bow Loading Condition
Figure 27,

©4.2544 Stern loading condition. (s) Application of load. The resultant water load shall be applied ver-
tically in the plane of symmetry and shall be distributed over the hull bottom from the second step forward with an
intensity equal to the pressures specified in § 04,2541 {g). (D) Magnitude of lead. The limé resultant load shall
equal three-quarters of the design weight of the airplane, (¢) Hull shear and bending loads, The hull shear and
bending loads shall be determined by assuming the hull strueture to be supported at the wing attachment fittings .
and neglecting internal inertia loads. 'This condition need not be applied to the fittings or to the portion of the
hull ahead of the rear attachment fittings. The minimum ultZmate factor of safety shall be 1.5.

To simplify the computations and to decrcase the amount of work required, the area to be
used with the pressures specified in 04.2541(¢) may be taken as the projected arca of the hull
bottom on the plane defined in the last paragraph under 04.2542, page 54.

04.2545 Side loading condition. (a) Application of load. The resultant water load shall be applied in a
vertieal plane through the center of gravity. The vertical component shall he assumed to act in the plane of sym-
metry and the horizontal component at a point half-way between the bottom of the keel and the load waterline
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at design weight (at rest). (b)) Magnitude of load. The limif vertical component of aceeleration shall be 3.25 and
the side component shall be equal to fifteen percent of the vertical component. (¢} Hull shear and bending loads.
The hull shear and bending loads shall he determined by proper consideration of the inertia loads or by introducing
couples at the wing attachment points. To avoid excessive loeal shear loads, the jwater reaction may he distributed
over the hull bottom, using pressures not less than those specified by § 04,2541 (2). The minimum ultimate factor
of safety shall be 1.5,

In cases where the specified condition appears to yield unreasonable results, alternative pro-
cedures may be used, subject to acceptance by the CAA.

To avoid excessive local shear loads, the water reaction may be distributed over the hull
bottom. The arca to be used in determining pressures (for comparison with those specified in
04.2541 (a)) should be the projected area of the hull bottom on the plane defined in the last
paragraph under 04.2542, page 54. The load to be used in determining pressures should be the
vertical component of the resultant load.

04.257 Seaplane float loads. Each main float of a float seaplane shall be capable of carrying the following
loads when supported at the attachment fittings as installed on the airplane. The minimum wlitmate factor of
safety shall be 1.5. (a) A limdt load, acting upward, applied at the bow end of the float and of magnitude equal
to one-half of that portion of the airplane gross weight normally supported by the particular float, ({5} The lmit
load specified in paragraph (@), above, acting upward at the stern. (c) A limd load, acting upward, applied at
the step and of magnitude equal to 1.33 times that portion of the airplane gross weight normally supported by
the particular float.

04.2570 Seaplane float bottom loads. Main seaplane float bottoms shall be designed to withstand the fol-
lowing loads. The minimum ultimate factor of safety shall be 1.5, (@) A limit load of at Ieast 5.33 pounds per
square inch over that portion of the bottom lying between the first step and a section at 25 percent of the distance
from the step to the bow. (B} A limit load of at least 2,67 pounds per square inch over that portion of the hottom
lving between the section at 25 percent of the distance from the step to the bow and a section at 75 percent of the
distanee from the step to the bow. (¢) A lEmat load of at least 2.67 pounds per square inch over that portion of the
bottom lying between the first and second steps. If only one step is used, this load shall extend over that portion
of the bottom lying between the step and a section at 50 percent of the distance from the step to the stern.

04.258 Wing-tip float loads. Wing-tip floats and their attachment, ineluding the wing structure, shall be
analyzed for each of the following conditions, using a minimum uitimate factor of safety of 1.5. (a) A {imit load
acting vertically up at the completely submerged center of buoyancy and equal to three times the completely sub-
merged displacement. (b} A limil load inclined upward at 45 degrees to the rear and acting through the completely
submerged center of buoyancy and equal to three times the completely submerged displacement. {¢) A limet
load-acting parallel to the water surface (laterally) applied at the eenter of area of the side view and equal to one
and one-half times the completely submerged displacement.

04.2580 The primary wing structure shall incorporate sufficient extra strength to insure that failure of wing-tip
float attachment members ccours before the wing structure is damaged.

04.25% Miscellaneous water loads.

04.2590 Seawing loads. Special rulings shall be obtained from the Administrator for the strength require-
ments for seawings.

04.26 SPECIAL LOADING CONDITIONS.

04.260 Engine torque. In the ease of engines having five or more evlinders the stresses due to the torque load
ghall be multiplied by a limil load factor of 1.5, For 4, 3, and 2 cylinder engines the limit load factors shall be 2,
3, and 4, respectively. The torque acting on the airplane structure shall be eomputed for the take-off power de-
sired and the propeller speed corresponding thereto. (See § 04.744.) The engine mount and forward portion of
the fuselage and nacelles shall he designed for this econdition. The minimum wuliimate factor of safety ghall be 1.5,
unless higher factors are deemed necessary by the CAA in order to make special provision for conditions such as
vibration, stress concentration, and fatigue,

04.261 High angle of attack and torgue. The limit loads determined from § 04.260 shall be considered as
acting simultaneously with 75 pereent of the limdt loads determined from Condition I {§ 04.2131). The engine
mount, nacclles and forward portion of the fuselage (when a nose engine is installed) shall he designed for this
condition. The minimum wlfimate factor of safety shall be 1.5,

14.2619 The engine mounts nacelles, and forward portion of the fuselage (when a nose engine is inafalled)
shall be investigated for the limif loads determined from Condition I (see §§ 04.2131 and 04.2160) acting simul-
tanecusly with the limit loads due to the engine torgue determined in accordance with § 04.260, except that the
engine power and the propeller speed shall correspond to the design power (§ 04.105) or the output specified for
climbing flight (see § 04.744), whichever iz higher. The minimum ultimate factor of safety shall be 1.5,

04.262 Side load on engine mount. The limif load factor for thiz condition shall be equal to one-third of
the lim7t load factor for Flight Condition I (§ 04.2131) but shall in no case be lesg than 1.33. The engine mount
and forward section of the fuselage and naecelles shall be analyzed for this eondition, considering the limi load to be
produced by inertia forees. The minimum witémate factor of safety shall be 1.5.

04.263 Up load on engine mount. For engine mounts the {#mif load in each member shall be arbitrarily
assumed a8 50 percent of that in the level landing condition but of opposite sign. The minimum wltimaete factor of
safety shall be 1,5,

04.264 Passeonger loads. Passenger loads in the accelerated flight econditions shall be computed for a standard
passenger weight of 170 pounds, and a minimum w/tfmate factor of safety of 1.50 shall be used, except that seats and
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berths need not be designed for the redueed weight gust conditions speeified in § 04.2160. This shall not exempt
the primary structure from such gust conditions.

04.2640 Structures to which safety belts are attached shall be capable of withstanding an ultimate load of
1,000 pounds per person applied through the safety belt and directed upward and forward at an angle of 45 degrees
with the floor line.

04.265 Local loads. The primary structure shall be designed to withstand loeal loads eaused by dead weights
and control loads., Baggage compartments shall be desighed to withstand loads eorresponding to the maximum
authorized capacity. The investigation of deadweight loads shall include a sufficient number of reduced weight
gust conditions to insure that the most severe eombinations have been investigated. See § 04.90 for standard
weights.

04.266 Rigging loads. Structures braced by wires (or tie-rods) shall be capable of developing an ultimate
factor of safety of 1.5 with respect to the limiét loads due to rigging the wires to 20 percent of their rated strength
(strength of wire, not terminal). When the structure is such that all wires eannot be simultaneously rigged to
20 percent of their rated loads, a rigging condition shall be assumed in which the average of the rigeging loads, ex-
pressed in percent, equals 20. (See also § 04.274.) ' The above eondition need not be superimposed on other
loading conditions, but the Administrator may require additional investigation for residual rigging loads when
sueh investigation appears necessary. (See also § 04.315.) :

The requirements are based on the necessity for proportioning wire sizes so as to prevent an
excessive load being produced in any wire while rigging any otber wire. They provide for an
average rigging load of 20 percent. This means that when the maximum allowable ratio of rig-
ging loads (two to one) exists between two wires, one will be assumed to be rigged to 13.3 percent,
the other to 26.7 percent. If a larger ratio were permitted, such as three to one for instance,
there would be a possibility of obtaining an excessively high rigging load in one wire while rigging
the other to a relatively low percentage of its rated load.

A specific example of the application of these principles to an airplane wing is found in a
biplane cellule in which lift wires are used for both front and rear spars, but which has only one
landing wire (or pair of wires). In such a case the landing wire must act as a counter wire for all
of the lift wires. This means that a relatively high load must be supplied by the landing wire to
counteract normal rigging loads in the flying wires. To meet the requirement as to the maximum
allowable ratio of rigeing loads it is therefore necessary to use a large landing wire, even though
its design load from the flying conditions is comparatively small. In this example it will also be
noted that the drag truss wires may be loaded by rigging the flying wires. Obviously, the drag
truss wires should be strong enough to prevent excessive rigging loads from being bult up.

04.267 Air loads on struts. FExternal wing-brace struts which are at an angle of more than 45 degrees with
the plane of symmetry and which have a cross-sectional fineness ratio of more than 3 shall be assumed to act ag
lifting air foils and-shall be designed to earry the resultant transverse loads in combination with the specified axial
loads. In computing the limit loads the strut sections shall be assumed to have a normal foree coefficient equal to
1.0 and the total air load shall be based on the exposed area of the strut. The chord components and vertieal
reactions of such air load and the lift eontributed by the strut shall not he eonsidered in the analysis of the wing.

04.27 MULTIPLYING FACTORS OF SAFETY.

04.270 General. In addition to the minimum factors of safety specified for each loading condition, the
multiplying factors speeified in Table XIT and the following paragraphs shall be ineorporated in the structure,
The total factor of safety required for any structural component or part equals the minimum factor of safety speci-
fied for the loading condition in question multiplied by the factors of safety heremafter specified, exeept that cer-
tain multiplying factors may be included in others, as indicated in Table XII.

TABLE XII.—Additional (Multiplying) Factors of Safety

Additional

¢ Additional ; May be
Ttem R}c‘aéerlteg;e yield factor ?;gtr[r);a[t)? covered by
of safety, jy salety, fa itermn Na.
1 Fittings (except control svstem fttings) . e .271 KNone 120 2,4,5,6,7,8,%9
B O 3o U S VOO .272 None 2.00 .8
3 Parsllel double wires in wing lift truss. .273 None 1. 05 4
4 Wires at small angles.__.__ _27d None Sea 04,27 | -
§ Double drag truss wires__ . . 276 None
4§ 'Torgue tubes used as hinge _276 None
7 Control surface hinges 1___ 277 None
8 Clontrol system joints b i 27T None
9 Wire slZes . e el L278 None
10 Wing lift truss (landing conditiensonl¥). aee L o L2790 None

1 For bearing stresses only.

04.271 Fittings. All fittings in the primary strueture shall incorporate the multiplying factor of safety
specified in Table XII. For this purpose fittings are defined as parts used to connect one primary member to an-
other and shall include the bearing of those parts on the members thus eonnected. Continuous joints in metal
pla&ing 301'13? 1)velded joints between primary structural members are not classified as fittings, (See also §§ 04.4030°
and 04,4031,
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As noted in the requirement a fitting is so defined as to include the bearing on the connected
parts. This includes the bearing of bolts on spars.

04.272 Castings. All castings used in the'primary structure shall incorporate g multiplying factor of safety
not less than that speecified in Table X1I,

The additional ultimate factor of safety for castings is to account for the reduction in strength
due to internal imperfections and also for the difference between the actual physical properties of
the casting and the properties of cast test bars. Tt should be noted that when this factor is used,
the 50 percent stress reduction specified in ANC-5 for casting materials may be disregarded. Con-
sideration will be given to reduction in the specified ultimate factor of safety when suitable means
of internal inspections are used and when, in addition, it can be shown that such means of inspection
will result in the acceptance for use of only those castings having a definiie value of minimum
strength at the critical sections.

04.273 Parallel double wires. When parallel double wires are used in wing lift trusses each wire shall ineor-
porate a multiplying factor of safety neot less than that specified in Table XTI,

04.274 Wires at small angles, Wire or tie-rod members of wing or tail surface external bracing shall incor-
porate a multiplying factor of safety computed as follows:
K=L/2R (except that K shall not be less than 1.0), where
K =the additional factor,
E=the reaction resisted by the wire in a direction normal to the wing or tail surface plane, and
L=the load required in the wire to balance the reaction R.

The requirement is based on the fact that a decrease in the angle, between a lift wire and a
spar, will greatly increase the deflection for a given loading. The formula used is so adjusted as to
maintain, approximately, the deflection which would be obtained for a 30° angle between the wire
and the spar. It will be noted that the value of K becomes 1.0 when the angle is 30°. Since K
approaches infinity as the angle approaches zero, it will be found impractical to design wire-braced
structures for small angles between the wires and the members which they support.

04.275 Double drag trusses. Whenever double drag trussing is employed, all drag wires shall incorporate
a multiplying factor of safety varying linearly from 3.0, when the ratio of overhang to root chord of overhang is
2.0 or greater, to 1.20 when such ratio is 1.0 or less, assuming an equal division of drag load between the two systems,

04.276 Torgue tubes used as hinges. When steel torque tubes are employed in direct bearing against strap-
type hinges they shall incorporate a multiplying factor of safety at the hinge point not less than that specified in
Table XTI, (See also § 04.422.)

04.277 Conirol surface hinges and confrol system joints. Control surface hinges and control system joints
subjected to angular motion, excepting ball or roller bearings and AN standard parts used in cable control systems,
ghall incorporate multiplying factors of safety not less than those speeified in Table XII with respect to the witimate
bearing strength of the softest material used as a bearing. For ball or roller bearings a yield factor of zafety of 1.0
with respect to the manufacturer’'s non-Brinell rating is considered sufficient to provide an adequate ultimate factor
of safevy,

It will be noted that it is unnecessary to prove the ultimate strength of ball and roller bearings.
if the limit load does not exceed the manufacturer’s non-Brinell rating. If, however, the ultimate
factor of safety of the bearing is proved, consideration will be given to the use of a vield factor of
safety of less than 1.0 with respect to the manufacturer’s non-Brinell rating provided that such use
is substantiated by tests.

04.278 Wire sizes. (See §§ 04,403, 04,4032, and 04.412.)

04.279  All structural members in the wing lift truss system which transmit direct loads from thelanding gear
ghall, in the landing conditions, incorporate a multiplying factor of safety not less than that specified in Table X1I.

The purpose of the requirement is to provide additional strength for that portion of the wing
structure which transmits the main Janding gear reactions to the fuselage. It applies to all parts
of the wing affected, including fittings of a type the failure of which would impair the strength of
the wing in flight.
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04.3 PROOF OF STRUCTURE

04.30 GENERAL,

Proof of compliance with the leading requirements outlined in § 04.2 sball be made in a manner satisfactory
to the Administrator and may consist of structural analyses, load tests, flight tests, references to previously approved
structures, or combinations of the above, Any eondition which can be shown to be noneritical need hot be further
investigated. .

04.300 Proof of structural analysis. Structural analyses will be aceepted ag complete proof of strength only
in the case of structural arrangements for which experience has shown such analyses to be reliable. References
shall be given for all inethods of analysis, formulae, theories, and material properties which are not generally accepted
as standard. The acceptability of a structural analysis will depend to some extent on the excess strength incor-
porated in the structure,

04.3000 The structural analysis shall be based on guaranteed minimum mechanical properties of the materials
specified on the drawings, except in cases where exact mechanical properties of the materials used are determined.

Acceptable methods for computing the allowable loads and stresses corresponding to the
minimum mechanical properties of various materials are given in the Army-Navy-Civil
Publication ANC-5, “Strength of Aircraft Elements”, obtainable from the Superintendent of
Documents, Government Printing Office, Washington 25, D. C.

04.3601 The effects of welding, form factors, stress concentrations, discontinuities, eut-outs, Iinetability_, end
fixity of eolurnms and vibration shall be aceounted for when such factors are present to such an extent as to influ~
ence the strength of the structure.

04.301 Combined siructaral analysis and tests. In certain cases It will be satisfactory to combine structural
analysig procedure with the results of load tests of portions of the structure not subject to aceurate analysis. In
such cases test resulis shall be reduced to correspond to the mechanical properties of the materiels actually used
in the airplane. When a unit other than the specific one tested is incorporated in the airplane presented for
certification, test results shall be reduced to correspond to the minimum guaranteed mechanical properties of the
materials specified on the drawings.

The results of load tests as referred to in the requirement may be interpreted as the results
of tests on similar structures when such tests are applicable.

04.302 Load tests. Proof of compliance with struetural loading requirements by means of load tests only is
acceptabie provided that strength and proof tests (sec §§ 04.126 and 04.127) are conducted to demonstrate com-
pl'uhnce with §§ 04.200 and 04.201, respectively, and further provided that the following sub-paragraphs are complied
with.

04.3020 The tests shall be supplemented by special tests or analyses to prove compliance with multiplying
factor of safety requirements, (See § 04.27))

04.3021 When a unit other than the specific one tested is incorporated in the airplane presented for certifi-
cation, the results of strength tests shall be reduced to correspond to the minimum guaranteed mechanical properties
of the materials specified on the drawings, unless test loads are carried at least 15 percent beyond the required values.

04.3022 The determination of test loads, the apparatus used, and the methods of conducting the tests shall be
satisfactory to the Administrator.

Since it is required that the determination of test loads, the apparatus used in tests, and the
methods of condueting tests shall be satisfactory to the CAA, it is sirongly reccommended that,
in the case of structural tests on all major units, the above items be fully covered by a report
submitted to and approved by the CAA before the actual tests are conducted.

04.3023 The tests shall be conducted in the presence of 8 representative of the Administrator unless otherwise
directed by the Administrator,

04.303 Flight lead tests. Proof of strength by means of flight load tests will not be accepted unless the
necessity therefor is established and the test methods are proved suitable to the satisfaction of the Administrator.

04.304 Load tests required. The following load tests are required in all cases and shall be made in the presence
of a representative of the Administrator unless otherwise directed by the Administrator:
(@) Strengih tests of wing ribs. (See § 04.313.) )
(b) Pressure tests of fuel and oil tanks. (See § 04.623.)
(¢} Proof tests of tail and eontrol surfaces. {See § 04.32)
(d) Proof and operating tests of control systems. {(See §§ 04.33 and (4,331.)

04.31 PROOF OF WINGS.

The strength of stressed-skin wings shall be substantiated by load tests (§ 04.302) or by combined structural
snalysis and tests (§ 04,801). The torsional rigidity of the wings shall he within a range of values satisfactory
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for the prevention of flutter. Compliance with such torsional rigidity requirement shall be demonstrated hv static
tests or other methods acceptable to the Administrator. )

A. Determination of Spar Loading

1. The following method of determining the running load on the spars of a two-spar, fabric-
covered wing has been developed to simplify the calculations required and to provide for certain
features which cannot be accounted for in a less general method. It will usually be found that
certain items are constant over the span, in which case the computations are considerably simplified.
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Figure 28.—Unit section of a conventional 2-spar wing.

2. The net running load on each spar, in pounds per inch run, can be obtained from the
following equations:

y::[{av(rma)JrOMa}QJF”?e(’"*mle&Lb ’

2,==I{ ON(a—f)mOMa}q+ﬂﬂeUﬁj)lfg?é

Where y,=net running lcad on front spar, lbs/inch.
yr=net running load on rear spar, Ibs/inch. &
a, b, f, 7, and 7 are shown on figure 28 and are all expressed as fractions of the chord
at the station in question.
Note: the value of ¢ must agree with the value on which Cuy_ is based

¢=dynamic pressure for the condition being investigated.
Cy and C,, are the airfoil cocfficients at the section in question.
' is the wing chord, in inches.
¢ is the average wmt weight of the wing, in pounds per square foot, over the chord at the
station in question. It should be computed or estimated for each area included between
the wing stations investigated, unless the unit wing weight is substantially constant, in
which case a constant value may be assumed. By properly corrclating the values of
: f and j, the effects of local weights, such as fuel tanks and nacelles, can be directly accounted
or.
iz 1s the nef limit load factor representing the inertia effect of the whole airplane acting at
the CF. The inertia load always acts in a direction opposite to the net air load. For
positively accelerated conditions ny will always be negative, and vice versa. Its value and
sign are obtained in the balancing process outlined under “Balancing Loads,” page 37.

3. The computations required in using the above method are outlined in Tables XIII and
XIV, in a form which is eonvenient for making calculations and for checking. The following
modifications and notes apply to these tables:
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@. When the curvature of the wing tip prevents the spars from extending to the extreme
tip of the wing, the effect of the tip loads on the spar can easily be accounted for by extending the
spars to the extreme span as hypothetical members. In such cases the dimension f will become
negative, as the leading edge will lie behind the hypothetical front spar.

b. The local values of Cy, item 14, are determined from the design value of Cy in accordance
with the proper span distribution curve.

¢. Item 15 provides for a variation in the local value of (.. For Condition I, the value of
Cy should be determined from the design valuc of OF by the following equation, using item num-
bers from Tables X111 and XIV:

O’ =14 X (6— CP")

d. When conditions with deflected Haps are investigated, the value of C,, over the flap
portion should be properly modified. For most other conditions C,, will have a constant value

over the span.

e. It will be noted that the gross running loads on the wing structure can be obtained by
assutning e to be zero, in which case items 19, 25 and 30 become zero, ¥y becomes 18 X(13, ¥, becomes
2413, and ¥, becomes 2932,

TABLE XII.—Computation of Net Unit Loadings (Constants}

Stations along span

! Distance from root, inehes__ _____________ ..o

¢ U/f144=(chord in inches)/144__ -

#, fraction 9f eh‘qrd,,
P

4 .-
b=r—f=(4)~(3)-... -
a, fraciﬁlon (‘}‘f chgrd l(a,. L T

—g=(4)}—
a—f=(6}—(3}
r—{=(4)—(7}

—
b = D0 00 ~3 O On e G Ba

—

J=f=(1—(3
O 144 D=0 2) /(B o i eeieimmccmmecocme oo

—
@

L These vahes will depend on the amouant of disposable load carried in the wing.

TABLE XIV.—Computation of Net Unit Loadings (Variables)

Condition ___..__.

q COnz (ete.} ‘ C'r ‘ 'y or O P, n3 Ry '
i
i ‘ ‘ |

Distanee b from root

14 | Cxp=Crrlete) X RafF K buu e oo
15 | On. {vadation with span) oo

18 | (14)%(9)__ !
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B. Determination of Running Chord Load _

1. The net chord loading, in pounds per inch run, can be determined from the following equa-
tion: i

Yo=1Cq+n..61C" [144

Where y.=running chord load, Ibs/inch
C.=chord coeflicient at each station. The proper sign should be retained through-
out the computations.
g=dynamic pressure for the condition being investigated.
figz==net limit chord load factor approximately representing the inertia effect of
the whole airplane in the chord direction. The value and sign are ob-
tained in the balancing process outlined under “ Balancing Loads,” page 37,
Note that when C, is negative, N, will be positive.
¢ and €’ are the same as in paragraph A2, page 60.

2. The computations for obtaining the chord load are outlined in Table XIV, items 28 to 32.
The following points should be noted:

@. The value of €, item 28, can usually be assumned to be constant over the span. The
only variation required is in the case of partial-span wing flaps or similar devices.

5. The rclative location of the wing spars and drag truss will affect the drag truss loading
produced by the chord and normal air forces. This can easily be accounted for by correcting the
value of €, as indicated in paragraph A2, page 19 and figure 4a.

3. It is often necessary to consider the local loads produced by the propeller thrust and by the
drag of items attached to the wing. The general rules concerning these items are outlined in
“”, page 33. The drag of nacclles built into the wing is usually so small that it can be safely
neglected. The drag of independent nacelles and that of wing-tip floats can be computed by
using a rational drag coefficient or drag ares in conjunction with the design speed. The beam and
torsional loads applied to the wing throngh the attachment members should also be considered
in the analysis. Im general, the effects of nacelles or floats can be separately computed and added
to the loads obtained in the design conditions.

C. Determination of Running Load and Torsion at Elastic Axis

1. The following method can be used in cases where it is degired to compute the running load
along any given axis, together with the unit value of the torsion acting about that axis,

2. As shown in figure 29, 2 denotes the location of the reference axis, expressed as a fraction
of the chord. The net running load along the locus of the points  and the net running torsion about
these points are found from the following equations:

OI
Y= (Cxg+nse) 144

m={ Culr— )+ Cu, g+ mole—1 G

Where ¥, is in pounds per inch run.
m, ig in inch pounds per inch run.
2 1% expressed as a fraction of the chord.
€' is the wing chord, in inches.

e—— X ——>]

Figure 29.—Section showing location of elastic axis.
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The remaining symbols are explained under A, page 60. (As noted previously, n; will always
be negative in positively accelerated conditions.)

3. The computations required for this form of analysis can be conveniently carried out through
the use of tables similar to XIII and XIV. The items appearing in each table would be changed to
correspond to the equations given in 2 above. The computation of the running chord load can be
made in the manner outlined in “B”, page 62, '

D. Lift-truss Analysis

1. Jury struts,.—In computing the compressive strength of lift struts which are braced by a
jury strut attached to the wing, it is usually satisfactory to assume that a pin-ended joint exists
at the point of attachment of the jury strut. The jury strut itself should be investigated for loads
imposed by the deflection of the main wing structure. An approximate solution based on relative
deflections is satisfactory, except when the jury strut is considered as a point of support in the wing
spar analysis, in which case an accurate analysis of the entire strueture is necessary.

2. Redundant wire bracing.—When two or more wires are attached to a common point on the
wing but are not parallel, the following approximate equations may be used for determining the
load distribution between wires, provided that the loads so obtained are increased 25 percent.

P-[pribl T
VAL VAL

Poe[ gL
TLVRAL VALY

Where B=beam component of load to be carried at the joint,
Py=load in wire 1,
Py=load in wire 2,
Vi=vertical length component of wire 1,
Veo=vertical length component of wire 2,
A; and A, represent the areas of the respective wires, and
L, and L, represent the lengths of the respective wires.

The chord components of the air loads on the upper wing and the unbalanced chord components
of the loads in the interplane struts and lift wires at their point of attachment to the upper wing
should then be assumed to be carried entirely by the internal drag truss of the upper wing,

3. Indeterminate wing cellules.—In biplanes which have two complete lift truss and drag
truss systems interconnected by an N strut, a twisting moment applied to the wing cellule will be
resisted in an indeterminate manner, as each pair of trusses can supply & resisiing couple. An
exact solution invelving the method of least work, or a similar method, can be used to determine
the load distribution. For simplicity, however, it is usually assumed that the drag trusses resist

‘only the direct chord loads and that all the normal loads and torsional forces are resisted by the
lift trusses. This assumption is usually conservative for the 1ift trusses, but does not adequately
cover the possible loading conditions for the drag frusses. In the usual biplane srrangement
the lower drag truss will tend to be loaded in a rearward direction by the wing moment. Design
Condition V7 (04.2136) therefore represents the most critical condition for the lower drag truss.
This condition should be investigated by assuming that a relatively large portion (approximately
75 percent) of the torsional forces about the aerodynatmic center are resisted by the drag trusses,
In the case of a single-lift-truss biplane, the drag trusses must, of course, resist the entire moment
of the air forces with respect to the axis of the lift truss.

E. Wing Torsion Tests and Determination of Coeflicient of Torsional Rigidity Crz

1. In order to determine the coefficient of torsional rigidity Crg, it is. necessary to apply a
pure torsional couple near the wing tip and to measure the resulting angular deflection of the wing
at selected intervals along the scmi-span.

2. Set-up.—The wing should be mounted on the fuselage or a suitable jig, either of which
should be anchored solidly to the floor or wall to prevent movement or displacement of the wing.
The landing gear should be blocked on the airplane, The torque load may be applied to the wing
tip through several beams clamped to the wing as near io the tip as is practical, such as the outer-
most drag truss compression rib location. The platform cables should be aitached to the torque
beams an equal distance forward and aft of the elastic axis of the wing. This axis may be located
experimentally by rocking the torque beam and noting the nodal point on the wing chord as viewed
from the tip. Typical set-ups are shown in figure 30. ~ Care should be taken to see that the strength
of the local wing structure at the points of application of the torque loads from the beams is ade-
quate. For conventional two spar wood wings, it is advisable to apply the load directly to the
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spars through wood blocks rather than attempt to carry the load through a rib to the spars. Wings
which are to be fabric covered should be tested uncovered, unless a certain amount of conservatism
is considered in comparing the results with figure 86, in order to simulate the conditions found in
service.
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Figure 30.—Set-up for torsional test of wing.

Scales for reading the deflections should be suspended from the leading and trailing edges
of the wing (excluding the aileron T. E.) at intervals of approximately 10 percent of the wing
semi-span, and should preferably be graduated in the decimal system with graduations sufficiently
fine to obtain readings to a hundredth of an imch. The deflection readings can be readily obtained
by the use of 8 “Wye” level or transit set up at some point that will permit sighting on all scales.
Several additional scales should be attached to the fuselage and opposite wing (or jig) to determine
if there is any relative movement of the entire airplane, The level should be checked against a
bench mark on the wall before and after each group of readings,

3. Loading.—The following procedure tmay be used:

a. Obtain zero torque reading on all scales, i. e., the two platforms should be supported
so that there will be no torque couple acting.

b. Add a sufficient amount of weight to each platform until readable deflections are obtained,
In general, for most aireraft from 1,500 lbs. to 25,000 lbs. gross weight, it will be found desirable
to make this first torque moment (in.~1bs.) equal pumerically to twice the gross weight of the air-
plane. For aircraft below 1,500 lbs. gross weight and biplanes, 70 percent of the above values may
be used as a first trial. Care should be taken to include the tare weights of the platformes in the
torque computations. '

¢. Take readings of all scales.

d. Add sufficient load to inerease the torque by 50 percent and take scale readings.

e. Add sufficient load again to increase the original torque by 100 percent and take scale
readings. This last torque should result in a twist of the wing of from 1.5 to 2.25° at the wing tip,
which is desired in order to obtain satisfactory data for computing Crg.

7. Thedatato berecorded are the load applied;its lever arm; the deflection readings at selected

oints; and the exact location of these points both along the span and along the chord of the wing,

E't. would be desirable to use a table such as shown on page 65 which would include all computations
necessary for determining Crg.
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TABLE XV
WING TORSION TEST OF - ommeemcmmmom oo MODEK -+ e e mmm e BERTAL WO rat oo -
DATE . - oo ccmae e TORQUEARM oo oo inches
23 R LOCATED oo oo mmieunmrnnan inches from wing tip

MOMENTS }2 %"D(ARM:
(M . W ARM=
(M) 3. WiXarM=

DEFLECTION BEADINGS OF- .. ocooomoeao e wWING (in.)

Platform load Bection A-B c-D E-F G-H I-} X-L Tta
(incl. platform
WD BSE | Front | Rear | ¥ R F R ¥ R F R 7 E | —

Q Fy R,
1 W F1 Ry
2 W Fy By

DEFLECTIONS OF - vov oo oocme oo wNG (in.)

1 W P—F.| =R,

TOTAL DEFLECTION OF_ .. . ____ wiNG (in)=F+R

(€) CHORD DISTANCE BETWEEN DEFLECTION POINTS, ¥ and R (in.}

J | | ] ] |
(total defl)
C

ANOLE OF TWIST OF ______ . oo..._. WING {degrees)=67.3

{L) BEMI-SPAN DISTANCE FROM WING TIP {In.)

1 1 i I ] ] ]

dL{d8=1/TANGENT TC “B" v3 “L” (URVE AT SECTIONY

Craxite=p SExi0e

Remarks:

4. Interpretation of results.—Having obtained the leaning and tailing edge dcﬁecioions (Fand B
in Table XV) or a corresponding set of data, the angle of twist at each section of the wing for a given
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torque, or platform load, is caleulated and plotted against the wing semi-span measured from the

wing tip.
6= Angle of twist in degrees at any section of the wing

. { Leading edge defl. (F)+trailing edge defl. (R))

O=tan"~ (¢) Chord distances between scales

or
0=57.3 (F{(;R) degrees

Plotting the deflection {F and B} and angle of twist () against wing semi-span (L) will reveal
any inaccuracies in the data and will facilitate checking the results,
The coefficient of torsional rigidity may now be computed, using the following expression:

dar. M
OTR=MR_9:@
dL

where
Crg="Coefficient of torsional rigidity (Ib. in. ?), Tt is equal to the reciprocal of the
torsional deflection per unit length per unit torque and is usually expressed in values
to the 1079,

d®=Angle of twist in degrees, in length dL (in inches), caused by a torque of M inch pounds.
Referring to the curve of angle of twist (6) vs. semi-span (L) shown in figure 31, it will be seen that
j-%=slope of the tangent drawn to the eurve at any given point. Hence, it is only necessary
to draw the required tangent to the curve at the value of L at which the Crz is desired and obtain
doe .
L to use in the above formula for Cpp.

It is very important that the tangent line be drawn accurately. This can best be done by

Vool
2.0 \ |.—_ TORQUE APPLIED
\ | AT THIS STATION
\ le
\ CURVES OF ANGULAR TWIST
FOR THE THREE TORQUES USED
% 1.5k 45
BN {
S FOINT OF ’ ?
. 1.0k TANGENCY o
B - -3 0
E - =
[
g dfgn b 5
3
ﬁ Wb
{1
. Lo
o 70 EX) ) 50 160 ¢

L - PISTANCE FROM WING TIP, INCHES

RECOMMENDED SCALES: L:1" = 20%
;1" = ,1° 10 .2°

Figure 31.—Plot of results of (orsion tests,
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first drawing the reflected ecurve to the point of tangency (original curve may be drawn on trans-
parent paper and used reversed or the tangent spotted in directly by use of a small mirror), and
then by bizecting the resulting angle, as shown in figure 31 for & wing section 60 inches from the
wing tip. The tangent line should be extended to both axes so that the slope of the line may be
computed accurately which in this example is equal to d94/dOg.

Crr should be computed for each of the three torque conditions used at a number of points
along the wing semi-span and plotted against the distance from the wing tip (£). This curve
will show the variation of torsional rigidity throughout the semi-span and may be used for purposes
of comparison with wings similarly tested. (See paragraph 2, page 90, and figure 36.)

04.310 Redundancies. Wing cellules in which the division of loading between lift trusses and drag trusses
is indeterminate shall he analyzed either by an acceptable method for indeterminate structures or by making
assurnptions which result in conservative design loads for all members.

04.311 Beams, The following points shall be covered in the proof of strength of wing beams, in addition to
any special types of possible failure peculiar to the structure.

A. Wood Spars

1. The allowable total unit stress in spruce members subjected to combined bending and
compression is covered in ANC-5, section 2.41,

B. Metal Spars—General

1. The bending moments and shears should be computed by precise formulas which allow
for the effects of the axial loads. Formulas for shear can be developed by differentiating the
formulas for bending moments. The values of Ef used in the compuiations should preferably
be determined from a test on a section of beam subjecied to loads in the plane of the beam and
normal to its axis. In such tests it is recommended that the beam be simply supported at the
lift truss fittings and subjected to equal concentrated loads, at or near the third points of the span,
of such magnitude that the maximum shear and bending moment on the test specimen are in the
same ratio as are the maximum primary shears and bending moments on the corresponding spans
of the beam in the airplane. I this is not practicable, the shear on the test beam should be rela-
tively larger then in the airplane. The deflections in the test should be read to the degree of
precision necessary to obtain computed values of £I which are accurate within -5 percent.

2. When such a test cannot be made, the value of EI may be computed from the geometrical
properties of the section and the elastic properties of the material used, but before being used in
the formulas for computing deflections, shears, or secondary bending moments, this value should
be multiplied by a correction factor to allow for shear deformation, play in joints, and lack of
precision in computing the geometric properties of irregular sections. The correction factors
recommended are 0.95 for beams having continuous webs that are integral with the chords, extruded
I, and similar beams; 0.85 for builf-up plate girders having continuous webs connected to the
chord by riveting; 0.75 for beams with webs having lightening holes of such shape that the beam
cannot be analyzed as a truss,

- C. Truss-Type Metal Spars

1. Metal truss spars, in which the axial load is so small that L/j (or equivalent symbol as
used in the formulas for computing the stresses in beams subjected to combined loadings) is less
than unity, may be analyzed as pin-jointed structures if the axes of the members meeting at each
joint intersect at a point. When the axes of the members mesting at any joint do not intersect
at a single point, the figure formed with the axes of the members as its sides may be called the
“eccentricity pattern’ of the joint. In these cases the axial loads in the actual trugs members
may be assumed to be the same as those in the members of an equivalent truss with the joints
located anywhere on that side of the eccentricity pattern formed by the axis of the chord member.
When there is an eccentricity pattern at the end of any truss member, the load on that member
applied through that joint may be assumed to be composed of an axial load P, compuied as de-
scribed above, and a bending moment equal to Pe, where ¢ is the normal distance from the axis of
the member to the most distant corner of the eccentricity pattern. A more rational analysis
can be made by dividing the total eccentric moment {about the true intersection of the web mem-
bers) between the members intersecting at the joint in proportion to their relative resistance to
rotation of the joint. :

2. In metai truss spars, for which L/j is greater than unity, the bending moments and shears on
the spar should be obtained by the use of the precise formulas. The values of EI to be used in
these formulas should be obtained whenever possible from deflection tests of the type described
asbove under “B’, When tests are not practicable the deflections used for determining ET
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may be obtained by the use of any of the standard methods of computing the deflections of a truss,
the assumed loading being that which would be used in a test. In computing these deflections it
should be assumed that there is from 0.005- to 0.010-inch slip in the joint at each end of each web
member of a riveted or bolted truss. No slip need be assumed in welded joints. Whether the
deflections are obtained by test or arc computed, EJ values should be obtained for at least three
points in each span of the truss and the average used in the precise formulas. When an external
load parallel to the axis of the spar is applied at any section at a point other than ihe centroid of
the chords at that section considered as a unit, it should be treated in the precise formulas as an
equivalent combination of an axidl load at that centroid and a bending moment.

3. The loads in the chord members at any section should be computed from F=PA [A4 Mk,
where £ is the total axial load, A, the area of the chord under consideration, 4 the sum of the
areas of the chords without allowance for rivet holes, M the total bending moment from the precise
formulas, and A the distance between the centroids of the chords. Where the axis of the spar
is not straight between support joints, Af should be increased or decreased by Pe, ¢ being the dis-
tance on the unloaded truss from the centroid of the chords, considered as a unit at the section under
investigation, to a line joining the similar centroids at the support sections, When full scale tests
are not practicable, the loads in the web members should be computed from F=38/sin 6§, where 8
is the angle between the web member and the axis of the spar and & is the derivative of the total
bending moment with respect to z. If the chords are not parallel, 8 should be corrected by an
amount equal to the shear carried by the chords which are cut by the same section as is the web
member. Where the chord members change section, the web members should be designed to earry
an additionsl load the component of which, parallel to the spar axis, is equal to the part of the total
axial load P that must be transferred from one chord to the other. Thus, if the area of the upper
chord changes from 0.6 of the total chord area to 0.5 of the total chord area, the added load in the
web members will be 0.1P/ecos 0. For simplicity, this load may be applied entirely to the web
member adjacent to the change of section, when such procedure is conservative for that member,

4. Design of chord members.—The column length should be assumed as the centerline distance
between truss joints for bending in the plane of the truss, using a restraint coefficient of not more
than 2.0. For hending laterally it should be assumed as the distance between drag strutsexcept that:

a. If the ribs have adequate sirength to prevent lateral buckling the distance may be taken
as not less than one-half the distance between drag struts.
6. If the wing covering is metal, suitably stiffened, the hending laterally may be neglected.

5. Design of web members—When there are no eccentricity patterns and the centroid of the rivet
group is on the axis of the member, the column length may be assumed to be equal to the center-
line length of the member. The restraint coefficient used will depend on the type of joint employed
but should in no case exceed 2.0. When eccentricity patterns exist or when the centroid of the
rivet group is eccentric to the axis of & member, such member should be considered as an eccentrically
loaded column of length equal to its true centerline length, the assumed eccentricity of the axial
load at each end being taken as the arithmetical sum of the rivet group eccentricity and the dis-
tance from the axis of the member to the most distant corner of the eccentricity pattern. When a
more exact method of analysis is employed, each member should be analyzed for the proper com-
bination of axial load and end moment,

D. Thin-Web Metal Spars

Thin-web metal spars may be analyzed in accordance with the theory of flat plate metal girders,
under the assumption that diagonal tension fields will be produced by the shear forces. For in-
formation on this subject see NACA Technical Note No. 469, The analysig should cover the
attachment of the web to the flanges.

E. Stressed-Skin Wings

1. Plywood covered wings.—Wings that are completely covered with plywood may be designed
under the following assumptions:

@. The covering will carry the shear due to the chord components of the external loads,
provided that suitable compression members are installed between the spars, and that cut-outs are
properly reenforced. The axial loads in the spars due to chord loads should not be neglected in
the spar analysis, :

b. If the loads on the spars are computed by means of conventional methods, without
reference to the elastic characteristics of the cntire structure, it may be assumed that plywood
covering, if rigidly attached to the spars and ribs throughout their entirve length, will carry 10 per-
cent of the moments of the wing due to the beam components of the air loads. The spars should
be designed to carry at least 90 percent of these moments. When such covering is removable or
contains large openings or other discontinuities between the spars on either surface of the wing,
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proper reduction in assumed strength of the covering adjacent to such opening should be made.
No reduction should be made in the shear loads to be carried by the spars.

2. Metal-covered wings—Because of the lack of uniformity in the types of metal-covered wings
in general use, it i3 recommended that extensive statie testing be employed either in lieu of, or in
conjunction with, stress analysis methods. In many cases a proof test to the specified limit load
is the only method by which the behavior of the metal covering can be determined. The following
points should be considered in investigating the strength of metal covered wings:

a. Methods of analysis involving the use of the elastic axis of the wing are aeceptable if the
position of the elastic axis is definitely known. It is usually advisable to eliminate any uncertainty
in this respect by assuming different positions for the elastic axis, thereby covering a range in which
it is certain to lie.

b. Analyses of skin-stressed wings involving the strength of sheet and stiffener combinations,
or the strength of thin-web girders, should be supplemented by data on at least one static test of
a representative panel in which the design conditions are closely simulated. Such a panel should be
relatively large in order to account for the interaction of various parts of the structure.

04.3110 Secondary bending. When axial loads are present the required minimum witémete factor of safety
shall be introduced before the computation of the bending moments in order to insure that the required ultimate
loads can be supported by the structure.

In the design of wing spars and other members subjected to combined axial and transverse
loading the effects of secondary bending can be accounted for by the “precise” equations based on
the equation of the elastic axis. In order to maintain the required factor of safely, it is necessary
to base such computations on ultimate loads, rather than on the limit loads.

04.3111 Lateral buckling. The ability of beams to Tesist lateral buekling shall be proved.

For conventional wings, the strength of the beams against Iateral buckling may be determined
by considering the sum of the axial loads in both spars to be resisted by the spars acting together,
The total allowable column strength of both spars 1s the sum of the column strengths of each spar
acting as a pin-ended column the length of a drag bay. Fabric wing covering may be assumed to
increase the total allowable column strength, as above determined, by 50 percent. When further
stiffened by plywood or metal leading edge covering extending over both surfaces forward of the
front spar a total increase in allowable column strength of 200 percent may be assumed.

04.3112 Webs. The strength of shear webs shall be proved.

04.2113. When axial load is present tests are required to determine the effective EI in the case of truss-type
beams and beams having uneonventional web construction.

04.3114 Joint slippage in wood beams. When a joint in a wood heam is designed to transmit bending from
one section of the beam o another or to the fuselage, the stresses in each part of the structure shall be caleulated
on the assumption that the joint is 100 percent efficient (exeept in mid-hay for which see § 04.4110) and also under
the assumption that the bending moment transmitted by the joint is 75 percent of that obtained under the assump-
tion of perfeet continuity. Each part of the structure shall be designed to carry the most severe loads determined
from the above assumptions.

04.3115 Bolt holes. Incomputing the area, moment of inertia, ete., of wood beams piereed by bolts, the diam-
eter of the bolt hole shall be assumed to be one-sixteenth inch greater than the diameter of the bolt.

04.3116 In computing the ability of box beams to resist bending loads only that portion of the web with its
grain paralle]l to the beam axis and one-half of that portion of the web with its grain at an arigle of 45 degrees to
the beam shall be considered, The more conservative method of neglecting the web entirely may be employed.

04.312 Drag trusses. Drag struts shall be assumed 1o have an end fixity eoefficient of 1.0 exeept in cases of
unusually rigid restraint, in which a coefficient of 1.5 may be used.

04.313 Ribs. The strength of ribs shall be proved by test ta at least 125 percent of the ultimate loads for the
most severe loading conditions, except that eonsideration will be given to structural analyses in conjunction with
suitable specimen test data when it can be demonstrated to the satisfaction of the Administrator that it is im-
practical to simulate the actnal loading eonditions in a static test, Such analyses shall, on the basis of guaranteed
minimum material properties, show proof of strongth at 125 percent of the required wlitmate loads. The following
points shall alse apply in proving the strength of ribs.

A, Test Requirements

The rib tests required should at least cover the positive bigh angle of attack condition (Con-
dition 7) and a medium angle of attack condition. 'The total load to be carried by each rib should
equal 125 percent of the ultimate load over the area supported by the rib, TFor the medium angle
of attack condition, the load factor should be taken as the average of the ultimate load factors for
Conditions I and I/1. '
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The leading edge portion of the rib may be very severly loaded in Conditions I7 and IV. An
investigation of the maximum down loads on this portion should be made when V, exceeds 200
mph. (See “Leading Edge Loads,” page 33.) When this requirement does not apply, it should be
demonstrated that the rib structure ahead of the front spar is strong enough to withstand its
portion of the test load acting in the reverse direction. A test for this condition will be required
n the case of a rib which appears to be weak.

No less than two ribs should be tested in either loading condition. For tapered wings a
sufficient number of ribs should be tested to show that all ribs are satisfactory.

B. Test loadings

The following loadings are aeceptable for two-spar construction when the rib forms a complete
truss between the leading and trailing edges. (See*Chord Distribution,” page 33 for other cases.)

TABLE XYL—Rib Lead Poinis for High Angle of Attack
A

Load peints in pereent chord
Camber? Cm, .. : i |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PD
Classification

0to —0.0191 0.5:1.9|534]582!7.2| 9.6 (124 155|19.0|23.4 (282|332 | 4.3 |42 7240]9%.0

—.020to — 039 .5 | 2035|5680 10.6]13.4;i6.8 | 20.5|252]20.8 | 35371421 | 50.2 } T2.4 | 9.0

—.M0to — 089 | .7{20|40[6.3|88!11.4 148 185|228 [27.2 (327380448 |528|72¢|90.0
10 and 11!  |Any value| —

—. D80 to — 079 | B |26 |45|67 (05 i 1227 | 16,2 | 20.0 | 24.2 | 28.8 | 24.0 ; 40.0 | 40.7 | 544 | 72,0 | B0.©

— 080 to —. 099 | .§ 28|50 76105187 | 17.4|21.2 | 25.7]30,3! 356 |45 478 654|720 9.0
8

3.0 65| 82114 | 4.8 | 1B.6 ;227 | 27.3 32.2}37,5 42.9 | 40.6  §7.5 ) 72.0 | 80.0
. i

—.10 or greater | .
1 Shown as C 10, B 11, ete., in data tables of NACA Reports 610 and 628,

1 Expressed as percent chord. .
¥ Airfoils with + values of Cl  are elassified with those having a G, =0.

'B

Load points in pereent chard

Camber Co, ... -

PD v
Classificatien 1z |s a5 | e |7 e e 0|z Bwe|n| s

2.3/39|65!79110.4 131|163 20,1 | 24. 4285|343 4.0|49.0) 72.0} 90.0

Jo-90 to ~0.0184 | 0.7
0.0t02.9 ——
l—o2to—0300| 81256456487 |12.8|141|17.6]21.3]| 26.5|20.5 3621432501720/ 800
12 3.0 or {o.nom ~0199 | .8]2.5|4%|65|87|11.0]18.5/|16.4|19.7|23.6|280[33.5|30.7]|47.7]|720]%0.0
greater || ‘natg —.0399 | .0{28|50| 72|96 |20 147|176} 215 25.6|30.1 (355 | 4.8 |40.7 | 72.0 | 80.0

a. For the high angle of attack flight condition, ribs of chord length greater than 60 inches
should be subjected to 16 equal loads at the load points given in Tables XVI A or XVI B. In
order to determine which set of load points is applicable to the particular airfoil used, 1t is first
necessary to determine the following airfoil characteristics:

{1} PD (pressure distribution) classification—this is expressed by a capital letter
followed by a two digit number such as 7 10, B 11, D 12, ete. For the present purpose,
only the number portion of the classifieation need be considered.

(2) Ch,..—moment coefficient about the aerodynamic center.

(3) Camber—in percent chord. (This is necessary only in the case of airfoils having
8 ‘12" pressure distribution classification.) '

These characteristics are readily obtainable for most airfoils from NACA Technical Reports Nos.
610 and 628. For airfoils in the 10 or 11 classification, the load points should be taken from Table
XVI A, using the line corresponding to the C,,... value of the airfoil. (Table XVI B should also
be used for rib loading points in cases where the P classification is not available, or in cases
where the designer does not wish to determine 1t.) For airfoils in the 12 classification, the load
points should be taken from Table XVI B, using the line corresponding to the (.. and
the camber of the airfoil. In cases where the actual position of load number 1 is less than ¥ inch
from the leading edge, loads 1 and 2 may be combined into a single load (of twice the unit value)
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and applied at their centroid. For ribs having a chord of less than 60 inches, 8 equal loads may be
used, their arrangement being such as to produce shears and moments of the same magnitude as
would be produced by the application of 16 equal loads at the locations specified above.

b. %‘3 or the medium angle of attack condition 16 equal loads should be used on ribs of chord
greater than 60 inches, 8 equal loads for chords less than 60 inches. In either case the total load
shall be computed as specified in “Test Requirements,” page 69. When 16 loads are used, they
shall be applied at 8.34, 15.22, 19.74, 23.36, 26.60, 29.86, 33.28, 36.90, 40.72, 44.76, 49.22, 54.08,
59.50, 65.80, 73.54 and 85.70 percent of the chord. When 8 loads are used they shall be so arranged
as to give comparable results.

When the lacing cord for attaching the fabric passes entirely around the rib, all of the load
should be applied on the bottom chord.

When the covering is to be aitached separately to the two chords of the rib, the loading speeci-
fied in paragraph 1 of this section should be modified so that approximately 75 percent of the
ultimate load is on the top chord and 50 percent on the bottom, the total load being 125 percent
of the ultimate load.

04.31 30 The load shall be suitably distributed between upper and lower wing surfaces unless a more severe
distribution is used,

04.3131 The effects of allerons and high-lift devices shall be properly accounted for.

04.3132 Rib tests shall simulate conditions in the airplane with respeet to torsional rigidity of spars, fixity
conditions, lateral support and attachment to spars.

04.314 Covering. Proof of strength of fabric covering is not required when standard grades of cloth and
methods of attaching and doping are employed provided, however, that the Administrator may require special tests
when it appears necessary to aceount for the effects of unusually high design airspeeds or slipstream velocities, or
similar factore, When metal covering is employed its ability to perform its structural funetion shall be demonstrated
by tests of typical panels or by other means aceceptable to the Administrator, In particular, compliance with
§ 04.201 requires demonstration of the behavior of the covering under load in order to determine the effects of
temporary deformations (wrinkles),

04,315 Nonparallel wires, When two or more wires are attached to a common point on the wing, but are
not paralle]l, proper allowance for redundancies and the effects of rigging shall be made.
04.32 PROOF OF TAIL AND CONTROQL SURFACES.

Struectural analyses of tail and control surfaees will be aceepted as complete proof of eompliance with uiltimate
load requirements only when the structure confarms with conventional types for which reliable analytical methods
are available. Proof tests as defined in § 04.127 are required to prove compliance with yield load requirements.

In anslyzing movable control surfaces supported at several hinge points, care should be taken
in the uze of the “three-moment’” equation. In general, the assumption that the points of support
lie in a straight line will give misleading results. When possible, the effects of the deflection of the
points of support should be approximated in the analysis.

04.320 Control surface tests shall include the horn or fitting to which the control system is attached.

04,321 1In the analysis of eontrol surfaces proper sllowance shall be made for rigging loads in brace wires in
cases where the counter wires do not go slack before the ulfimate load is reached.

The effects of nitial rigging loads on the final internal loads are difficult to predict, but in
certain cases may be serious enough to warrant some investigation. In this connection, methods
based on least work or deflection theory offer the only exact sclution. Approximate methods,
however, are satisfactory if based on rational assumptions. As an example, if a certain counter-
wire will not become slack before the ultimate load is reached, the analysis can be conducted by
assuming that the wire is replaced by a force acting in addition to the external air forces. The
residual load from the counter-wire ean be assumed to be a certain percentage of the rated load
and will of course be less than the initial rigging load.

04.322  Analyses or individual load tests shall be conducted to demonstrate complianee with the multiplying
factor of safety requirements outlined in § 04,27 for control surface hinges and braee wires,

04.323 Vibration tests. The natural frequencies of vibration of the wings, fuselage, and control surfaces
ghall be within such ranges of values as are satisfactory for the prevention of flutter. Compliance with this require-
ment shall be demonstrated by vibration tests or other methods aceeptable to the Administrator.

The required vibration tests may be made by shaking the various units of the airplane by
means of an unbalanced rotating weight driven through a flexible shaft at speeds which can be
controlled and measured, or by other acceptable methods. These tests should be made on a
complete airplane. The frequencies obtained for the various units should be entered in Form
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Total tabilizer, (14) Total Elevator. ¥ Bee CAM 04 for dotails.
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() Estimsted unit weight at 34 semi-span location, 3. rudder symmetrical (control system),

9 Not required if irreversible mechanism is used and tab frequency is greater than 1500 ¢. p. m. refer to Frequeneies colummn, thus —= is
%-; Inelude secondary mode for large alreraft, also unsymmetrical modus. V=Vertieal Bending. E2™ Fusclage torsion.
¢r) Far bi-plaes include cellule torsion requency. S ending-
() 8how nndal lines, amplitudes, and vibration exciter location. R—5tab. Rocking About Attachinent
(:) ggelagggigwe?znfz q(f:ﬁMr?‘iﬁ%cgﬂts'u upaﬁgbrat];otn‘}}e:és.d 1¥wd, () or Aft (4) from centerline hinge, inches.
0 Tl 4L <4 SeI1-spal 10N. ST CE! Oordl. i Y, i H -
8 Symmetrical—Both Aflcrons dewn (or up), 3 {—) Overbalance (--) Underbalance with respoct to centerline hinge in.-1bs.

—Rudder—Twin *Omnly for rudders not in the plane of symmetry.
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PROOF OF STRUCTURE 04.328

ACA-719, “Flutter Control Data.” (A reproduction of this form to approximately one-hali
scale is shown as Table XVIL} Copies of this form may be obtained from the offices mentioned
below.

Vibration equipment is available at the CAA Regional offices at New York City, N. Y.;
Kansas City, Mo., and Santa Monica, Calif. Loan of this equipment may be obtained by con-
tacting the regional manager. It is especially important that the manufacturer pay particular
attention to the instructions furnished with the above vibration equipment, in order that satis-
factory results may be obtained. However, the manufacturer may use other types of vibration
equipment, in which case a report should be submitted containing & complete description of the
equipment and sufficient test data to substantiate its accuracy. When a resilient element such as
a spring or rubber ball is incorporated in the driving unit of the vibrator, its stiffness should be
low relative to the stiffness of the surface being vibrated, in order to avoid misleading results.
If the manufacturer desires, arrangements can be made to obtain experienced CAA personnel to
supervise the operation of the vibration equipment.

Attitude of aircrafi.—All of the vibration tests, with the exception of the fuselage vertical
bending and possibly the fuselage side bending tests, can be conducted with the airplane tail wheel
(or skid) resting on the ground, providing that the natural frequencies of the various units may
be correctly recognized with the airplane in this pesition. It has been found desirable, in some
cases, to deflate the landing gear tires (and tail wheel tire, if used) approximately 25 percent,
in order to lower the natural frequency of the tires below the frequency range expected for the
structure. If difficulty is expericnced in recognizing the significant frequencies with the tail
wheel (or skid) on the ground, it should be raised just free from the ground, either by a sling
around the fuselage located as far forward as is praciical, or by blocking up in the region of the
wings. The latter procedure may be preferable for the fuselage vertical and side bending modes.

Loeation of Vibrator on the Strueture—a. The proper location of the vibrator on the struc-
ture is important in obtaining satisfactory results. Suggested wvibrator locations for exciting
various modes of vibration are given in Table XVIII.

b. The effect of the vibrator weight on the frequency of the structure may be appreciable
especially for the control surfaces. The lightest weight vibrator giving satisfactory results should
be used. In general, vibrators weighing up to 10 percent of the weight of the surface to which
they are attached may be used without correcting the observed frequencies, unless the vibrator
distance from the hinge line is such as to create a much larger relative effect upon the moment
of inertia of the surface. However, approximate frequency corrections can be made by adding
several small increments of weight near the vibrator at the same arm from the hinge line as the
vibrator, and plotting the resulting total increment weights (including vibrator weight) against
the frequencies observed. Extrapolating this curve to zero weight should give the corrected
frequency.

¢. In general, the following points should be considered in the attachment of any type of
vibrator to a structure. (1) The location Is of primary importance and should be at a point
of large deflection. See Table XVIIT, (2) The vibrator should be so mounted that its line of
force will be in the most advantageous direction to excite the vibration mode desired. (3) It is
desirable to attach the vibrator to a part of the siructure that is fairly rigid such as the wing spar,
control surface ribs, ete. (4) The local structure to which the vibrator is attached should have
adequate strength for the loads imposed by the vibrator.

Testing.—A certain amount of experience is necessary in recognizing the various modes and
resonant frequencies. In conducting the tests, the vibrator should be placed on the structure as
suggested and then operated at increasing speeds until & response peak is reached (the amplitude
of vibration of the structure is appreciably greater than at slightly higher or lower speeds, thus
indicating a resonant condition).

During the vibration tests involving the conirol system, the controls should be restrained
by an assistant to simulate the condition in flight. When the control system incorporates dampers
or power boosters, their effect on the frequencies should be considered. It is important that
cable control systems be rigged to their proper tension. In general, it will be found that cable
control systems will have a larger resonant frequency response range that a more rigid system,
such as one incorporating push pull tubes with close fitting joints. In the former case, when an
unusually large range is encountered, it is desirable to record the frequencies at both ends of the
response range. In most cases it is satisfactory to note only the mean frequency wvalue for
the particular mode.

It should be noted that it may be possible to excite a certain mode in more than one way.
For instance, the fuselage torsional frequency may be excited in the fin bending test and conversely
the fin bending frequency may be excited in the fuselage torsion test. Cases of this type will
serve as cross checks on each other.
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TABLE XVIIL,—Yibration Modes and Vibrator Location
{In general only a fraction of the modes listed will be applicable to any one alrplane)

Item

Burface

Mode

Description of mode and suggested
vibratorlocation

10

11

12

13

14

15

16

17

Rudder (single).___

JRudder (single) ...

Rudders (twin tail)
Rudders (twin tail)

Rudders (twin tail)
Elevator.. ...

Elevator. . ooooo..-

Aileron. .. _._._._.

Adleron__ . __._..__

Win
only).

(biplane

Wing (biplane
only).

Tuselage .. -oo-ao_

(Asaunit) oo

Forsion. ... _o.._

TUnsym, bending. .

Sym. torsion.___._

Unsym, torsion.___

Cellule sym, tor-

51011,

Cellule unsym, tor-
sion.

Torsiom. ...~

Rudder swinging back and forth, under the spring
aelion of the control cables. (Vibrator aft of hern
on rudder T. E.)

Torsionat vibration of the rudder, under the spring
action of the torque tube (Nodal line extends from
trailing edge to torque tuobe.)) (Vibrator near
upper cnd on rudder T. E.)

Same ag item 1 abave, except both rudders swinging
inward (or outward) at same time., (Vibrator aft
of horn on rudder T. E.)

Same a3 item 1 above, cxeepl both rudders moving
to right {or left) together. (Vibrater aft of horn
on rickder TN E)

Same as item 2 ahove,

Both elevators swinging up or down together under
the spring action of the control cables {or push pull
tubes}. (Vibrator at inner end of one elevator
T. E. or &ft, of horn vn single slevator.)

Omne elevator {or 4 of single clevator) moving up,
other down at same time under spring action of
forque {ube, (Nodal line in plane of surlace,
extending aft from point near center of elevator
gpar.) {V¥ibrator at centet of setnispan near T'. E.)

TEach aileren as a unit swinging up and down to-
pether, under the spring action of the control cahles
(or_push pull tubus). (Vibrator between censer
and jnner end at gileron T, E.) -

Q(ne aileron as a unit moving up, other down at same
time, under spring action of control cables.
{Vibrator aft of horn at aileron T. K.}

Torsicnal vibration of afleron, nnder the spring
aclion of the torque tube. (Nodal line extends
from trailing edge to torque tube.)  (Vibrator near
outer end at aileron T, E,

Wing bending as & beam supported at its midpoint
{[uselage), or as a braced beam supported at the
brace poiots. (Vibrator near wing tip approx-
imately on clastic axis of wing.)

Same as itern 11 above, except that right and left
halves of the wing move in opposite direetions at
the same time, Usually only important in large
multi-engine aiveraft. (Vibrator near wing tip
approximately on elastie axis of wing.)

Torsiong] vibration of the wing about n spanwise
axis, Right and left halves of the wing move in
same direction about this axis gt the same time,
(Vibratpr mear wing tip, forward or aft of elastic
axis of wing.)

SBama as 13 above, exeept right and left halves of the
wing move in opposite directions about a spanwise
axis at the same time. (Vibrator near wing tip,
forward or afl of elastic axis of wing.)

Bame as item 13 above, except center of rotation may
be located between upper and lower wings. (Vi-
brator acting in chordwise dircetion at upper wing
outer rear interplane strt atfachment.}

Same as item 14 above, except center of retation may
be located hetween upper and lower wings. (Vi-
brator acting in chordwise direction at upper wing,
ouler rear inlerplane strut attachment.)

‘Whole tail unit and fuselage vibrating torsionally
about longitudinal axis. (See item 23 also.) (Vi-
brator on fin or stabilizer—on hinge line, at tip of
surface.)

Item

19

20

22

23

24

25

26

a7

28

20

30

32
33

Burface

Mode

Description of modoe nnd suggested
vibrator location

18 | Fuselage_.. ... .

Fuselage_ . _..._..__

Stabilizer . __..o.-_-

Stabilizer. . _____.___

Stabilizer_ . ___.__.___

Stabilizer_ ______._._

Fin (single tail) .

Fin (single tail)____
Fin (twin tail
only).
Fin (twin tail
only).

Tabs (rudder ail-
eron clevator).

Trim or balance
tabs.
Servotabs__._.__.

Servo tabs__...__.

Balancs welghts for
movahbhle sur-
faces—rmounted
on long supports.

Side hending. ...

Vertieal bending . .

Sym. bending ____

Sym. torsion. ...

Unsym. torgion. ..

Rocking about its
fusclage wsttach-
ments.

Bending .. ... .

Torslon. . _o..-...

Bending {sym.
with respect to
attaching fin to
stabilizer).

Bending {unsym.
with respect to
attachment of
fin to stabilizer).

Torsion_._._._.._.

Torsion. . . .. Ca-

Bending of sup-
port.

Wholc tail unif, vibrating in side direction abont
vertical axis through fuselage forward of tail nnif.
Usually important ouly on large aieplanes. (Vi-
brator af tail end of [usciage.)

Same as item 18 above, except vibrating in vertical
direction about horizontal axis through fuselage.
Only important in very large aircraft having fuse-
Inge eutouts in tops and bottom sides. {Vibrator
at tail end of fuselage,) . .

Stabilizer bonding as a beam supperted ai its mid-
point {[uselage). Usually only important in canti-
lever tail surface designs. I wire or struat bra_cad
with small tip overhang, the mode of vibration
may not be such as to permit interaction with
the elevator. (Vibrator near outhboard end of
stahilizer, . .

Torsional vibration of the stabilizer. Similar {o item
13, for the wing., Usually only important for
onnbilever and twin tail aireraft. (Vibrater near
outcr end of stabilizer st I, B} . i

Torsional vibration of stabilizer. Similar to ifem 14
for the wing. Nodal linc st § of stabilizer (fuse-
lage}. (Vibrator at leading edge of stabilizer or at
trailing edge of elevator. RElevator vlamped to
stabilizer,) . . . .

Sea ftem 17also.  Stabilizer asa unit rocking about its
Tuselage attachments. Usually only important for
twin tail aireraft. {Vibrator on B or outhoard
end of stabilizer on twin tail airceraft, or near out-
board end of stabllizer—elevator hinge line on single
tail aireralt.)

Fin hending as & beam fixed at one end. Usually
only important in cantilever fail surface designs.
I(Yih)rutﬂr near upper end of fin near rudder hinge

ing,

Torsional vibration of the fin.  Similar to item 21 for
th% %tabilizer. (Vibrator on fin I, B, near upper
end.

Fin bending gs & beam fixed at its attachment to
atabilizer, (Vibrator near upper, or lower, end of
fin near elastic axis of fin), {Upper and lower
portions May have different frequencies.}

Fin bending as a beam fixed at its attachment to
stabilizer.

Tarsional vibration of outhoard end of fiap, 8imilar
to item 10 above. Assuming irreversible control
armused. ( Vibrator near outboard end of dap on
T. E.) Only important when flap extends oul-
hoard on wing bayond 50% semi-span location,
Note: Effect of vibrator woight on tab frequency

should be investigated when vibrator is attached

direetly Lo tab. X

Torsional vibration of the fab under the spring
action of the torque tube, Node on T. E. (VI-
brator on tab near onc cnd.)

Tah ps a unit swinging back and forth under the
spring action of the control cables. (Vibrator on
adjacent tab supporting struelure, or on tab itself.)

Sm‘]:tf-_.1 ?s item 10 above. (Vibrator on tab nesr one
end,

Support bending as a beam (fixed at one end) in
various pianes depending on the rigidity, Mast
important directions are vertical and sideways
with relation to the airplane centerline. .(Vibrator
near balancs weight support.)
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PROOF OF STRUCTURE 04.33

The phasze relationship of vibratiog parts may be determined by the method shown in figure
32 as applied to the particular case of the elevators. The metal plates A and B, attached to the
trailing edges of the elevators and intercounected with a wire, are necessary only in the case of
fabric covered smrfaces or surfaces which have a poor electrical interconnection. When the parts
are vibrating the phase relationship may be determined by manually holding the leads C and D
close to the surfaces so that intermittent contact is made during each cycle. If the light flashes
or clicks arc heard in the headphones at regular intervals (with the contacts in the same side; 1. e.,
upper or lower), the surfaces are vibrating in phase, whereas, if the light does not flash, or no dlick
is heard in the headphones, the surfaces are out of phase. This should be verified by reversing one
contact, for example, putting contact D on the upper side.

The location of the nodes of the various forms of vibration should be established by the tests.
In many cases the location of the nodes is self-evident, or ean be determined by visual observation
or by “feel.” Determination of the nodes by the foregoing methods is generally satisfactory for
most modes of vibration. If the torsional axis of vibration of the fusclage (or the nodes for other
modes of vibration) cannot be definitely established by the above methods, a more detailed pro-
cedure, involving measurernents of the amplitudes of vibration at various points, should be employed.

INTERCONNECTING WIRE

PLATE A PLATE B

CONTACT C/

FLEXIBLE SHAFTT

Ll
_d L
B'ATTERY/ LIGHT

. OR HEADPHONES
Figure 32.—Test set-up for determination of phase relationship.

A number of frequency trend curves are shown in figure 33. These will be expanded as more
data become available. The wing and stabilizer data shown on this figure were obtained on un-
braced surfaces. It should be appreciated that these trends are approximate and can serve as a
rough guide only: Many factors, such as the type of construetion involved, ete., will have & marked
influence on the actual values which will be obtained for any particular design.

Table XVIII gives a detailed description of the possible modes that may be observed during
the tests and includes suggested vibrator locations for each mode. In general, only a fraction of
the modes listed will be applicable to any one airplane.

04.33 PROOF OF CONTROL SYSTEMS,

Structural analyses of control systems will be accepted as eomplete proof of compliance with ultimate load
requirements only when the structure eonforms with conventional types for which reliable analytical methods are
available. Proof tests as defined in § 04,127 are required to prove compliance with yield load requirements.

In some cases involving special leverage or gearing arrangements, the critical loading on the
control system may not occur when the surfsce is fully deflected. For example, in the case of wing
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04,330 AIRPLANE AIRWORTHINESS

flaps the most critical load on the control system may be that corresponding to a relatively small
flap digplacement even after proper allowance is made for the change in hinge moment. This
(cloEdm{on will occur when the mechanical advantage of the system becomes small at small flap
eflections.
An investigation of the strength of a control system includes that of the various fittings and
brackets used for support. In particular, the rigidity of the supporting structure 18 important
especially in aileron, wingflap, and tab control systems.

04.330 In control system tests, the direction of test loads shall be such as to produce the most severe loading
of the control system structure. The tests shall include all fittings, pulleys, and brackets used to attach the control

system to the primary structure,
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PROOF OF STRUCTURE 04.340

04.331 Operation test. An operation test shall be conducted by operating the eontrols from the pilot’s com-
partment with the entire system so loaded as to correspond to the minimum émit eontrol foree specified in item 3
of Table IX for the control system in gquestion, In this test there shall be no jamming, excessive friction, or excessive
deflection,

The system under the proof and operating tests should show no signs of excessive deflection
or any permanent sct of any connection, bracket, attachment, ete. o
In order to insure that the surfaces will retain most of their effectiveness in flight under limit

- . maneuvering loads-the following check is recommended: The control surfaces and systems should

be subjected to the limit loads as computed for the maneuvering flight conditions neglecting the
minimum stick forces. If tabs are used, their effect shall be taken mwto account except that the
minimum stick force limitations may be neglected. The angular deflections of the movable sur-
faces due to the above loads should be measured, and it is recommended that the average deflection
for each surface not exceed one-half of the total one-way movement of the surface.

04.332 Analyses or individual load tests shall be condueted to demonstrate compliance with the multiplying
factor of safety requirements specified in § 04.27 for contrel system joints subjected to angular motion,

04.34 PROOF OF LANDING GEAR.

Structural analyses of landing gear will be aecepted as complete proof of compliance with load reguirements
only when the structure conferms with conventional types for which reliable analytical methods are available.
Analyses may be used to demonstrate compliance with the energy absorption requirements in certain cases. When
such analyscs are not applicable, dynamic tests shall be conducted to demonstrate compliance with energy absorption
requirements,

The landing conditions given in Tables X and XTI are chosen so as to cover the various pos-
sible types of landings with a minimum amount of investigation. It will usually be found that
each different condition is critical for certain different members. If the design is such that it is
obvious that a certain condition cannot be critical for any member, such & condition need not be
investigated. It will probably be necessary, however, to determine the loads acting on the
fuselage in all conditions, for use in the fuselage analysis.

In order to simplify the procedure used in analyzing landing gear and float bracing it is rec-
ommended that the following conventions be used:

a. The basic reference axes are designated by V (positive upward), 12, (positive rearward)
and H (positive outward). (For side landing conditions H will be positive outward only with
respect to one side.)

b. Tension loads are positive, compression loads negative.

¢. Moments are represented by vectors according to the “‘right hand’ rule.

d. 'The basic axes also represent positive moment vectors, each axis being the axis of rota-
tion for the corresponding moment. (Note that changing the sign of a moment reverses the
direction. of the vector.)

¢. In writing the equations of equilibrium, all forces are initially assumed to be tension,
i. e., positive. ‘The true nature of the forces will be indicated by the sign of the vector obtained
in the final solution.

f. Moments can be combined vectorially in exactly the same manner as forces and can
also be solved for by the same methods.

04.340 Energy absorption tests. When tests for energy absorption are required they shall be so conducted as
to simulate the landing conditions for which energy absorption requirements are specified in § 04.440, and test
data shall be obtained from which the maximum acceleration developed at the eenter of gravity of the airplane
ean be defermined., When drop tests of wheels, tires and shock absorbers are conducted in a combination differ-
ing faom that employed on the sirplane, proper allowance and corrections shall be made for the errors thus intro-
duced. -

A. General

1. As stated in 04.440 the shock-ahsorbing system must so limit the acceleration in specified
drop tests (04.2411 and 04.2420) that the ultimate load used in the design of any member is not
exceeded. In general this ig interpreted to mean that the acceleration recorded in drop tests
should not exceed the ultimate load factor for the condition being tested. In infrequent cases
the nltimate load factor is exceeded in a drop test but, due to margins of safety, the ultimate
strength of any member is not exceeded. In such cases the true margins should be listed in the
analysis. Drop tests alone from the required height are not acceptable as proof of strength. Any
yielding of structural components in drop tests will be subject to review and further consideration.

2. Many cases arise which involve approval of a higher gross weight, the necessary greater
height of drop, and/or the use of different tires from those used in the original drop test. In some
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44,340 AIRPLANE AIRWORTHINESS

such cases it may be possible to demonstrate compliance with the requirements without an addi-
tional drop test. In general, however, time and expense will be saved if such changes are antic-
ipated and substantiated at the time of the original drop test.

3. In the drop test it is acceptable to allow for the effect of wing lift present in the landing

maneuver only when such effect is substantiated, i. e., when a completely rational analysis of the
problem is made.

ARRANGEMENT FOR
THREE POINT DROP

HHeight %}‘ Drop

ARRANGEMENT FOR
LEVEL LANDING DROP

Height c:'f Drap

Figure 34.—Set-up for landing gear drop fest.
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B. Main Gear Tests—First Method

1. The first method of testing involves dropping the fuselage or equivalent structure with
the complete landing gear attached. A beam with the proper location of landing gear fittings
may be considered as equivalent structure. Tests should be made for either the three-point or
level landing condition, whichever is eritical with respect to energy absorption, i. e., whichever {in
the case of conventional gear) involves a smaller component of wheel travel (relative to the air-
plane) in the direction of the resultant external force. See £ below for considerations in the case
of nose wheel type gear. However, tests should also be made for the other condition if it involves
higher bending loads in the shock absorber than does the critical condition.

"~ 2. For the three-point landing test the rear end of the fuselage is held in place on the floor
as shown in figure 34. For the level landing test the rear end of the fuselage is raised until the
center of gravity of the loaded airplane is vertically above the wheel axles, or until the fuselage is
inclined at a nose-down angle of 14°, whichever is reached first. The rear end of the fuselage is
then held in this position, as shown in figure 34. Care should be taken, particularly in the level
landing drop test, to restrain the rear end of the fuselage from rising as a result of the impact.
When the airplane is in position for the drop it is advisable to place sand bags under the structure
near the @ to minimize the damage in case of failure.

3. The accelerations should be obtained by use of a recording accelerometer, a space-time
recorder, or other suitable means attached or connected as close to the G as possible. The
NACA has a number of accelerometers which are approved for this purpoese and will lend them
to manufacturers on request. In this connection it should be noted that when accelerometers are
used they should have a very short natural period, 1. e., ¥q second or less. In general the use of
a recording device in which a mass travels an appreciable distance will be questioned.

4. The following procedure should be observed in conducting the tests:

a. For tests in the level landing attitude the weight on the main wheels should be the full
gross weight of the airplane. Note that this does not require that additional weight be used to
duplicate the stress analysis resultant load which includes the vertical and aft components. In
the three-point attitude the weight on the main wheels should be the static reaction for this
attitude with the full gross weight at its most forward O@ location. .

b. The tire pressure should be the same as that recommended by the Tire and Rim Asso-
ciation for use in service. Likewise the proper fluid, fluid level and air pressure (if any) of the
shock absorber should be used.

- ¢. A hoisting sling with a quick-release mechanism is attached to the fuselage near the
center of gravity. By means of this hoist the front end of the structure is raised until the tires
are clear of the floor by the desired amount. When using the tape type space-time recorder it is
desirable to mark the “static’” and ““clear” positions on the tape.

d. The floor, or a steel plate placed under the tires, may be greased if desired to prevent
the tires from rolling off the rims if there is appreciable side movement of the wheels.

¢. The quick-release is operated, allowing the structure to drop freely.

5. Tt is advisable that the drop height be mncreased by increments from some low value until
the height specified in 04.2411 is attained so that unsatisfactory characteristics can be detected
before the gear is overstressed. Note that the specified height is measured from the bottom of the
tire to the ground, with the landing gesr extended to its extreme unloaded position. -

6. The final test should be witnessed by a CAA representative. The manufacturer’s report
should include, in addition to other data (see page 3), the accelerometer records or exact copies
of them, with the magnitude of the maximum acceleration determined and marked thereon, A
record of the maximum tire deflection should also be given.

C. Main Gear Tests—Second Method

1. The second method of testing involves dropping the shock absorption unit, including wheel
and tire assembly, in a special test rig. When using this method it is strongly recommended that
the actual linkage ratios (wheel travel to shock absorber travel) be duplicated, and that bending
in the shock absorber member {if present in service) be simulated in the test. When this is im-
practicable it will be acceptable to use the ““in line” method (wheel, shock-absorber and load in
line) outlined below provided that the following points are observed:

a. Prior to final tests the proposed test procedure should be submitted to the CAA for
ruling as to its acceptability.

b. Drops should be made from several different heights in order to establish the trend in
accelerations,

¢. The “in line” method is not recommended when the values of K (see 2a below)
exceeds 1.75. :
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d. A margin between the developed acceleration and the ultimate load factor, proportional

to the degree of bending present in service and the pertinent value of &, should be shown.
2. The following procedure should be observed in setting up for “in line” drop test:

@¢. Determine the value of A (ratio of the static load on the strut to the static load on the
pire)lf(nt'jl ghe critical condition being simulated in the test (See 15 above and e below for considerations
involved).

b. Use a fest weight equal to K times the static load on the tire. Of this test weight, the
“unsprung’’ or “semi-sprung’’ portion of the jig weight, i. e., that portion of the jig weight which
moves with the wheel, should be held to the minimum practicable.

¢. Replace the original tire with a tire having a load deflection curve cach ordinate (load)
of which is K times the original value and each abscissa (deflection) of which is approximately
1/K times the original value, the original values being those for the tire actually used. In addition
the maximum deflection of the test tire should be limited to 1/K times the maximum deflection of
the original tire. It may be possible to obtain the above characteristics by changing the inflation
pressure of the original tire and by using stops.

d. The height of free drop should be 1/K times the height specified.

e. The foregoing adjustments are necessary in order to reduce to a minimum the errors in
impact energy, piston velocity, and shock strut load, Note that such errors increase with an
increase in the value of K.

D. Tests of Tail Wheels and Tail Skids

1. Tests-for the energy absorption capacity of the tail wheel assembly may be made in 8 manner
similar to that used for testing a complete main gear assembly (see B “ Main Gear Tests”, page 79),
except that the tests need be made only for the three-point condition. The test load may be ob-
tained by loading the fuselage or by concentrating the required mass over the tail wheel.

2. In conducting these tests the front wheels rest on the floor while the tail is raised the required
distance (see 04.2411) and dropped. The accelerometer or space-time recorder tape is attached
to the structure at a point over the wheel. Drop tests of complete assemblies, or “in-line’’ drops
made in test rigs, are equally acceptable.

3. Tests for the energy absorption capacity of tail skids should be conducted in & manner
similar to that outlined above for tail wheels.

E. Tests of Nose-Wheel Type Gear

1. In general, the tests of main wheel and nose wheel installations may be made in accordance
with the methods outlined in A to C. The tests of each installation should be made for the most
critical (most unfaverable with respect to shock absorption) of the conditions outlined in 2¢ through
2e, pages 47 to 48, Each of these conditions is assumned to be produecd by the free drop from the
height specified in 04.2411, In determining the critical conditions, consideration should be given
to the value of the component of wheel travel (relative to the airplane) in the direction of the
resultant external force and also to the magnitude of this force. In general, the higher the force
and the smaller the travel, the more ecritical the condition. In cases where guestion arises as to
the applicability of the design conditions used it is advisable to conduct actual landing and taxiing
tests with one or more accelerometers installed in the airplane,

2. In all cases the proposed test procedure, together with details of the installation, should
be submitted to the CAA for comment prior to the tests.

F. Tests at Provisional Weight

When advantage is taken of the provisions of 04.711 in designing the landing gear only for the
standard weight, it 1s necessary to show that the airplane is capable of safely withstanding the ground
shock loads incident to taxiing and taking off at the provisional weight. This can be demonstrated
by showing that the accelerations developed in taxiing and taking off over rough ground (off
runway) are such that the limit load for any landing gear member is not exceeded. The accelera-
tions developed in these tests should be obtained by means of a recording accelerometer.

".04.35 PROOF OF HULLS AND FLOATS,

Struetural analyses of hulls and suxiliary floats will be accepted as complete proof of compliance with load
requirements only when the strueture conforms with conventional types for which reliable analytical methods are
available, The strength of the structure as a whole and its ability to distribute water loads from the bottom plating
into the main struetural members shall be demonstrated, See Part 15 for the requirements for main floats.

04.36 PROOF OF FUSELAGES AND ENGINE MOUNTS.

Structural analyses of fuselages and engine mounts will be aceepted as complete proof of compliance with load
requirements only when the structurs conforms with conventional types for which reliable analytical methods
are availabie. ’

80



PROOF OF STRUCTURE 04,36

A. General

In addition to determining the loads in the main structural members of a fuselage, the local
loads imposed by the internal weights which they support should not be overlooked. This applies
particularly to mermbers which serve both as a critical portion of the primary structure and as a
means of support for some item of appreciable weight. Also, whenever critical, control system
loads which oceur in the specific flight or landing conditions should be combined with the primary
loads. The combined stresses should be determined in such cases.

B. Stress Analysis Procedure :

1. Weight distribution.—All major items of weight affecting the fuselage should be so distri
buted to convenient panel points that the true center of gravity of the fuselage and its confent
is maintained. A suitable vertical division of loads should be included. The following rule
should be followed in computing the panel point loads for conventional airplanes:

a. The weight of an item located between two adjacent panel points of the side trusses
should be divided between those panel points in inverse proportion to the distance from them to
the center of gravity of the item.

b. The weight of an item to the rear of the tail post or forward of the front structure should
be represented in the table by a load and a horizontal couple at the tail post or front frame, as
the case may be.

¢. The weight of an item supported at three or more panel points should be divided between
those points by the aid of an investigation and analysis of the method of support, if practicable.
When a rational analysis is not possible, the division may be estimated.

d. In all cases the moment of the partial panel loads due to any item about an origin near
the nose of the fuselage should be equal to the moment of the itemn about that origin.

¢. All loads may be assumed to lie in the plane of symmetry and to be divided equally
between the two vertical trusses of the fuselage.

2. Balancing (symmetrical conditions).—Methods of balancing the airplane are discussed
under “Balancing Loads,” page 37. It will, in general, be satisfactory to apply directly the balanc-
ing loads found in the various flight conditions. The acceleration factor applied to each item
of mass in the fuselage will be the net acceleration factor as determined from the balancing com-

utations. The basic inertia force on any item will be parallel to the resultant external applied
orce and will not, in general, be perpendicular to the thrust line. In certain cases the chord
components of the inertia forees (i.e., the components along the thrust line or fuselage centerline)
can conveniently be combined into & single force applied at the nose of the fuselage. This pro-
cedure permits the use of vertical inertia loads but it should not be used unless it is obviously
conservative for the critical fuselage memboers.

3. Balancing (unsymmetrical conditions).—In any condition involving angular acceleration
about a given axis, the inertis force applied to the structure by any item of weight is proportional
to the mass or weight of the item and to its distance from the axis of rotation. Each angular
inertia force will act in a direction perpendicular to the radius line between the item and the axis
of rotation. In order to facilitate the analysis of a condition involving both linear and angular
scceleration, the loads produced by the linear acceleration should be determined separately from
those produced by angular acceleration. When unbalanced external loads are applied this in-
volves the determination of the magnitude of the net resultant external load and its moment arm
about the proper axis through the O@ of the airplane. It will usually be acceptable, in analyses
of this nature, to represent the weights of major ttems such as wing panels, nacelles, ete., by assumed
concentrated masses at the centers of gravity of the respective items, Figure 35 illustrates approx-
imate methods by which the fusclage can be balanced for a typical unsymmetrical landing condition
(one-wheel landing).

' a. Figure 35a shows a level landing condition in which the resultant load does not pass
through the center of gravity. In such a case it will generally be acceptable to apply a balancing
couple composed of a downward force acting near the nose of the fuselage and an equal upward
force acting at the same distance to the rear of the center of gravity. These arbitrary forces can
be considered as approximately representing angular inertia forces and they may be divided be-
tween the nearest panel points, if destred.

b. Figure 35b indicates an acceptable method of balancing externally applied rolling moments
about the longitudinal axis. The forces resisting angular acceleration are assumed to be applied
by the wing, The arbitrary location shown is based on the fact that the effectiveness of any item
is proportional to its distance from the center of gravity. The balancing loads may be assumed
to be vertical, although they actually act normal to a radius line through the center of gravity
of the airplane. If nacelles or similar items of large weight are attached to the wing, the balancing
couples can be divided between the nacelles and wing panels in proportion to their effectiveness.
This type of balancing applies also to side landing conditions, including those for seaplanes.
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Figure 35.—Methods of balancing fuselage for unsymmetrical loads.
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¢. Figure 35¢ shows an approximate method for balancing & moment about a vertical axis
This condition exists in a one-wheel landing. Tt is conservative (for the wing attachment members)
to assume that the balancing couple is supplied entirely by the wing. The magnitude of the un-
balanced moment about a vertical axis is, however, relatively small in the design conditions required.
In order to secure ample rigidity against loads tending to twist the wing in its own plane, it may
sometimes appear advisable to check the wing attachment members or cabane for a greater un-
balanced drag load acting at one wheel, or for a side load acting at the tail,

d. 1t should be noted that the balancing couples shown on figure 35 will act in addition to
the inertia loads due to linear acceleration. Kor instance, in figure 35b the load V shown as a-
reaction at the CG actually represents the inertia loads of all the components of the airplane.
Those due to the wing weight will act uniformly on each wing panel and will be added arithmetically
to the forces representing the angular inertia effects. This applies also to the other cases illustrated.

C. Special analysis methods

Torsion in truss-type fuselages—In analyzing conventional truss-type fuselages for wvertical
tail surface loads it will be found convenient to make simplifying assumptions as to internal load
distribution. The following methods may be used for this purpose, the first method being more
conservative than the second: :

@. The entire side load and torque may be assumed to be resisted only by the top and bottom
trusses of the fuselage. The distribution to the trusses can be obtained by taking moments about
one of the truss centerlines at the tail post.

b. For the structure aft of the rearmost bulkhead the tail load may be represented by a side
load acting at the center of the tail post and a couple equal to this load times its vertical distance
from the center of pressure of the vertical tail. The side load may be assumed to be divided equally
between top and bottom trusses. For the structure forward of the rearmost bulkhead the tail
load may be represented by a side load acting at the center of the tail post and a torque acting at
the rearmost bulkhead equal to the tail load times the vertical distance from the center of pressure
of the vertical tail to the center of this bulkhead. This side load may be assumed to be divided
equally between top and bottom trusses. The assumption may be made that the torque (pot the
forces composing the equivalent couple} is divided equally between the horizontal and vertical
trusses. The couples acting on the bulkhead and resisted by the top, bottom, and side trusses can
then be readily obtained. Stress diagrams should be drawn for the trusses to obtain the loads in
the members. The longeron loads should be taken from the diagrams for the horizontal trusses
or vertical trusses, or taken as the combined loads from both trusses, whichever are largest.
(This arbitrary practice is advisable on account of the uncertainty of the load distribution
between trusses.) ,

c¢. The diagonals of the rearmost bulkheads, i. e., the bulkheads through which the torque
is transmitted to the wing, and of all bulkheads adjacent to an unbraced bay, should be designed
to transmit the total torque. Intermediate bulkheads should be designed to transmit 25 percent
of the total torque.

d. In some cases the loads obtained in the bottom truss members may be quite small, In
such cases it should be noted that it is desirable to maintain a high degree of torsional rigidity in
the fuselage and that the rigidity of the top truss will be completely utilized in this respect only
when the bottom truss is equally rigid.

lEngine torque.—In investigating the conditions involving engine torque, the following points
apply:

’ a. The basic torque may be computed by the following formula:

T=63,000 P/N, where

T=torque in inch pounds,

P=horsepower of engine,

N=propeller speed in revolutions per minute.

b. The resulting moment is taken carc of by an unsymmetrical distribution of load between
the wings and by forces in the fuselage cross bracing. In certain cases, especially when geared
engines are used, the stresses due to the torque should be computed for all fusclage members
affected, the necessary reactions being assumed at the connections of the wings with the fuselage.
Otherwise the following approximation may be used for nose engines. 'The torque load is assumed
to act on the engine bearer and to be held in equilibrium by vertical forces acting at the main con-
nections of the wings with the fusclage, the engine bearer and the members of the fuselage side
truss being assumed to lie in a single plane parallel to the plane of symmetry.

¢. When a direct-drive engine is carried by engine bearers that are supported at two or more
points, the torque load should be divided between the points of support in the same proportions
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as the weights carried by the engine bearer. When an engine is supported by a vertical plate or
ring, the torque can correctly be assumed to act at the points of attachment. (The dead weight
of the engine, however, should be assumed to act at the center of gravity of the engine.)

d. In combining the torque condition with any other loading condition, for a symmetrical
structure, the stresses due to torque are to be added arithmetically, not algebraically, to those
obtained for the symmetrical loading condition, because if the forces induced by the torgue load
in any member are opposite in character to those due to the dead weights there will normally be
a corresponding member on the opposite side of the fuselage in which the forces due to the torque
‘loads and weights will be of the same character.

e. In analyzing an engine mount structure, care should be taken to distribute the torque
only to those members which are able to supply a resisting couple. For example, in certain struc-
tures having three points of support for the engine ring, it may be necessary to divide the entire
engine torque into a single couple, applied at only two of the supporting points.

D. Analysis of Stressed-Skin Fuselages.

The strength of skin-stressed fuselages is affected by a large number of factors, most of which

are difficult to account for in a stress analysis. The following are of special importance:

a. Effects of doors, windows, and similar cut-outs,

b. Behavior of metal covering in compression as a shear web, including the effects of
wrinkling.

¢. Strength of curved sheet and stiffener combinations, including fixity conditions and
curvature in two dimensions.

d. True loeation of neutral axis and stress distribution.

e. Applied and allowable loads for rings and bulkheads.

Unless a fuselage of this nature conforms closely to a previously constructed type, the strength
of which has been determined by test, a stress analysis is not considered as a sufficiently accurate
means of determining its strength. In all cases, the stress analysis should be supplemented by
pertinent test data. Whenever possible it is desirable to test the entire fuselage for bending and
t-orslion_, but tests of certain component parts may be acceptable in conjunction with a stress
analysis.

04,360 The end fixity coefficient used in determining critical column loads shall in no case exceed 2.0. A value
of 1.0 shall be used for all members in the engine mount. In doubtful cases, tests are required to substantiate the
degree of restraint assumed.

04.361 Baggage comparfments. The ability of baggage compartments to sustain the maximum authorized
baggage loads under all required flight and landing conditions shall be demonstrated.

04.37 PROOF OF FITTINGS AND PARTS,

Proof of strength of all fittings and joints of the primary structure is required. Where applicable, structural
analysis methods may be used. When such methods are inadequate, a load test is required. Compiiance with
the multiplying factor of safety requirements for fittings (§ 04.27) shall be demonstrated.

In the analysis of a fitting it is desirable to tabulate all the forces which act on it in the various
design conditions. This procedure will reduce the chances of overlooking some combination of
loads which are critical.

The additional ultimate factor of safety of 1.20 for fittings (Table XII) is to account for
various factors, such as stress concenfration, eccentricity, uncven load distribution, and similar
features which tend to increase the probability of failure of a fitting. As noted in the Table, this
factor may be covered by several other factors so that when the ultimate factor of safety for any
portion of the structure equals or exceeds 1.80 the fittings included in this portion are not subject
to an increase in factor above the value used for the primary members.

04.370 Rince the system of forees which designs a fitting does not necessarily inelude the forces which design
the attaching members, all the forces acting in all the speeified conditions shall be considered for every fitting.
The strength of each part of a built-up fitting shall be investigated and proper allowance shall be made for the
effects of eccentrie loading when initially present or when introduced by deflection of the strueture under load.

04.371 Bolts. The allowable bearing load assumed for the threaded portion of a bolt shall not exeeed 25 per-
cent of the rated shear strength of the bolt.
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044 DETAIL DESIGN AND CONSTRUCTION

04.40 GENERAL.

The primary structure and all mechanisms essential to the safe operation of the airplane shall not incorporate
design details whieh experience has shown to be unreliable or otherwise unsatisfactory, The suitability of all design
details shall he established to the satisfaction of the Administrator. Certain design features which have been found
to be essential to the airworthiness of an airplane are hereinafter specified and shall be observed.

04.400 Materials and workmanship. The primary structure shell be made from materials which experience
or eonclusive tests have proved to be uniform in quality and sfrength and te be ofherwise suitable for airplane
eonstruetion. Workmanship shall be of sufficiently high grade as to insure proper eontinued funetioning of all
parts. .

Materials and processes conforming to the specifications of the Army, Navy, 3. A. E. or other
responsible agencies are satisfactory. It is important that minimum specification values of strength
properties given in ANC-5 be used rather than *““typical’” or “average’ values.

Tolerances should be closely held in order that the assumed or tested structure is aceurately
reproduced. Metal sheet and tubing gages usually conform to well established specifications.
Tolerances on machined parts are based on general practice and will vary from about 4 .015-inch
to values necessary to secure interchangeability of mating parts. Tolerances on sheared and
nibbled parts are usually + !Y,-inch. Minus tolerances on section dimensions of wood structural
members such as spars should not exceed #sinch in the fully seasoned condition unless justified by
check of marging. Plus tolerances are limited by assembly considerations.

Long assemblies such as spars with 8 large number of rivets will “grow’ slightly as the
riveting progresses. End fittings should therefore be jig installed as a last operation. A similar
Procedure is followed with welded assemblies. Heat treating of long welded structures results in
shrinkage and in extreme cases allowances for this must be made. '

In regard to wood construction, Sitka spruce has been the most extensively used species in
the fabrication of primary struetural members due to its high strength-weight ratio, its excellent
over-all handling qualities and its uniformity in texture and properties. Several other species,
however, are also suitable for such use and may be substituted for spruce, in some cases directly
and in other cases, with only minor design revisions. It is assumed that spruce will, in general,
be used as a bagis for design, hence Table XIX has been set up using spruce ag a standard material,
Table XIX includes comparative information on strength properties, various limiting factors on
the selection of wood of aireraft quality, remarks on the characteristics of each wood listed and
general notes on wood defects. This table will be revised or expanded as the need arises.

04.401 Fabrication methods. The methods of fabrication employed in constructing the primary structure
shall be such as to produce a uniformly sound strueture which shall also be reliable with respeet to maintenance of
the original strength under reasonable service eonditions.

04.4010 Gluing. Gluing may be used except in cases where inferior joints might result or where proper
protection from moisture cannot be shown,

High grade casein, animal, and synthetic resin glues are satisfactory. Details of composition
and methods are given in Appendix IV herein. It should be noted that condition of the surface,
moisture content of the wood, gluing pressure, and protective coatings. as well as other factors
play an important part in the making of acceptable joints.

04.4011 Torch welding. Torch welding of primary structural parts may be used only for ferrous materials
and for such other materials shown t0 be suitable therefor.

04.4012 Electric welding. Flectric are, spot, or seam welding may be used in the primary structure when
specifically approved by the Administrator for the application involved. Requests for approval of the use of elee-
trie welding shall be accompanied by information as to the extent to which sueh welding is to be used, drawings of
the parts involved, apparatus employed, general methods of eontrol and inspection, and references to test data sub-
stantiating the strengih and suitability of the welds obtained.

When are welding is used the information needed for approval may be met by specifications or
reports covering the following:
a. The type of equipment to be used and the proposed scope of application of the process.
b. The proposed minimum requirements established for welders, covering qualifying tests,
experience, ete.  Reference to Air Corps Specification 20013-A “Welding Procedure for Certifi-
cation of Welders,” if this specification is used, is sufficient in this connection.
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TABLE XIX.—Selection and Properties of Aircraft Wood

B S{g?gs' 8pecific gravity {(when Igfggdfst Marimumper-f Minimum
Speeles of wood Strensth proporties ag Taige of oven dry) 2t 15 pler'l m(iisgﬁela%i%l:m m;ﬁ:?;laf Remarky
compared to Spruce moisture cent mois- (51'0 o of | rings per =
content ture gl‘I;iIl) ity
percent Average Minfmum content
1 2 3 4 5 7 8 2

Spruce (Picea) Sitka (P, 812 0. 40 . 36 27 1-15 § | Exccllent for all uses, Considered as standard for this tahle.
Sitchensis)  Red (P, (See note 1) {See note 1)

Rubra)  White (P.
Glauea).
Douglas Fir (Pseudotsuga | Exceed Sprace_...._._...____ 812 N .45 34 1-20 8 | May be used as substitute for S8pruee in same sizes or in slightly re-
Taxifolia). (Sce ro- duced sizes providing reductions are substsntiated. If used as
marks) direet substitute for 8pruce in same sizes, a reduction in the mini-
mure gpecifie gravity (eslumn 5) i¢ .38 is permissible. Ditficult
1o work with hand tools. Some tendeney to split and splinter dur-
ing fabrieation and considerable more care in manufacture is neces-
sary. Large solid pleces should bs avoided due to inspeoction
diffienlties. Gluing satisfactory.

Noble Fir (Abies Nobiles) | 8lightly rxeeed Spruce ex- 812 . 40 .36 a -0 | - ----| Batisfactory characteristics with respect to workability, warping, and
cept 8 percent deficlent |» splitting. May be used as direct substitute for Spruce in same sizes
in shear. providing shear does not become critical,  Hardness somewhat 1ess

than 8pruce. Cluaing satisfactory.

‘Western Hemloek {Tsuga | Slightly exceed Spruce_...__ 812 L 44 . 40 29 1-20 8 | Less unilorm in texturs than Spruce. May bo used as a direct sub-
Heterophylla). stitute for 8pruee. Upland grawth superior to lowland growth.

(luing satisfactory.

Pine, Worthern “White | Properties  between 857 812 .38 34 26 20 | Exeellent working qualities and uniform in propetties but somewhat

(Pinus Strobus). and 96% those of Spruce, low in hardness and shack-resisting capacity, Cannot be used ns
substitute for Spruce without increase in sizes to compensate for
lesser sirength.  (Huing salisfactory.

White Cedar, Port Orford | Exceed Spruce. ____________ 8-12 L44 .40 30 - 1-20 8 | May be used a3 substitute for Sprace in same sizes or in slightly re-
(Charapeyparis  Lawso- duced sizes providing reductions are substantiated. Easy to work
niana). with hand tools. Gluing difliculi but satisfactory joints can be

ublained if suitable precautions are tuken.

Poplar, Yellow  (Ldrlo- | Slightly less than 3pruce ex- 512 .45 .38 28 1-20- 8 | Fxcellent working qualities. Should not be used as a direct substitute
dendrow Tulipifera). cept  in cempression for Spruce without earefully aceounting for slightly reduced strength

ferushing} and shear, properties, Somewhst low in shock-resisting capacity. Gluing
satisfactory.
NOTESB

1. Grain Deviation. It will be noted that various specifications for aircraft Jumber eall for s maximum
permissible grain deviation ¢f 1 inch in 20 inches, with the exception of Spruce where 1 in 15 i3 gpecified.
When the Spruce lumber specification was originafed, it was anticiputed thal the proportion of the ma-
terla! heving a slope no greater than 1 to 20 would be sufficient to pravide such a slope in highly stressed
members and that material having a slope between 1 to20and 1to 15 would be nsed in other parts. Bpriee
having a slope of I to 20 or less sheuld, therelors, be used wherever possible, however i it becornes neces-
sary to ubilizre Spruce having a grain slope between 1 to 20 and 1 to 15 In highly stressed members, only
maieria} having a specifle pravity (when oven dry) of 0.40 or greater shonld- be used.

2, Drying Methods. Woods used in alreraft eonstruction may be seasoned by alr-drying, kiln-drylng, or
a combination of both. Some arlificial drying is usually necessary Lo reduce the maisture sonlent to the
BT, to 129 range of valucs ypecified in the table. Kiln-drying has the advantage that atmospheric condi-
tions are controlled, permitting the drying of wood witheut development of checks and other defects.
Such defects are much more prevalent in nir-dried lamber,  Kiln-drying sehedules may be oblained from,
U. B. Army Specification Mo, 82 13, Kiln Drying Process for Aircrayt Lumher; Navy Department Gen-
eral Specification for Inspeetion of Material, Appendix [V, Lamber and Timbez; or Department of
Agriculture Forest Produets Laboratory Report No, 1360, Aireralt Kiln Schedule. Western Hemloek
should be kiln dricd in aceordance with T'able 1 of those references.

3. Sowing Methods, In all species, quarter-sawed lumber is definitely prefarable to fat-grain stock for
aireraft nse. Quarter-sawed stock {also referred to as edge-grain, rift-grain and rift-sawn) is defined as
stock in which the ringa are at an angle of 45° to %0° to the surfaes, and fat-grain stock (also referred to as
plain-sawed or slash-graiu) Is stock in which the rings are at an angle of 4° to 45° to the surface, Quarter-

sawed stock has less tendency to check and is less subject to bowing flatwise and to cupping, since i tends
to shrink or swell equally with changes in moislure eontent.  Resisiance to indentation from tightening
fittings, ote., 18 more uniformt over an edge-grain surface, Experience with Douglas Fir in alreraft con-
straction indicates that it shonld be quarter-sawed in all cases.

4, Defects Permitied.

(a) Cross grain. Spiral grain, diagonsl grain, or a combination of the two is aceoptable providing the
grain does not diverge from the longitudinal axis of the material more than specified in ¢column 7. |
check of all four faces of the board is necessary to delermine the amonnt of divergence. ‘The direction
of free-flowing ink will frequently assisi. in delermining grain direction.

(b} Wavoy, curly, und interlocked grain.  Accoptable if local irregularities do not exceed limitations
specified for spiral and diagonal grain. L

(¢} Hard knots. Sound hard knots up to 34 Inch in maximum diameter acceptable providing:
{1) they are not in projecting portions of I-beans, slong Lhe edyes of rectangalar or beveled unrouted
beamy or along the edges of langes of box beams (except in lowly stressed portions); (2} they do not
calse grain divergence at the edges of the board or In the flanges of & beam more than specifled in col-
umn 7; and (3} they are In the eenler third of the beamn and ate nol eloser than 207" to another knot or
other defeet (pertains to 38" knots—smaller knots may be proportionately closer). Knots greater
than 4 ineh should be used with caution. .
4 i!l(':l)t}-"in knof clusters. 8mall elusters acveptable providing they produce only a small effeet on grain

ection,
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(e) Pitch pocketz. Acceptable in conter portion of a beam providing they are at least 14 inches apart when they lie in the same growth ring
and do noet exceed 134 inches length by }8inch width by ¥4 ineh depth and providing they are not along the projecting perélons of I-beams, along
the edges of rectangular or beveled unronted bearns or along the edges of the flanges of box beams,

I} Afineral streaks. Accepiable providing careful inspection fails to reveal any decay.

B, Defects Not Permitted.

(a) Cross grain. Wat seeeptable unless within limitations nated in 4 (a),

{b) Wavy, curley, and interlocked grain, Not scesptable unless within limitations noted in 4 (b),

() Flard knots.  Not aceeptahle unless within limitations noted in 4 (¢} .

(d) Pin knot clusters. Mot acceptable if they produce large effect on grain direction.

(e} Spike knofs. These are knots running completely throngh the depth of a Beam perpendicular tw the arnual rings aod appesr most fro-
quently in quarter-sawed lamber. Wooed eontaining this defeet should be rejected.

{) Pitch pockets, Not acceptable nnless within limitations noted in 4 (e),

(g} Mineral strenks, Not scceptable if accompanied by decay (see 4 {f)).

(h) Checks, shakes, and spltits. Checks are longitudinal cracks extending, in peneral, across the annuval rings. Shakes are longitudins!l
;ﬂa?ﬁg lil]suall}' between two annual rings,  Splits are longitudinal cracks induced by artificially induced stress. Wood vontaining these defects

& e rejected. :

(i) Compression wood. This defect is very detrimentsl to strength and is difficult to readily recognize. Tt is characterized by high specific
gravity, has the appearance of an excessive growth of summsr wood, and in maost species shows but little eontrast in eolor between sprinz wood
and summer wood, Tn doubtinl cases the material shonld be rejected or samnley should be subjected to a toughness machine tost to establish
the quality of the wood. All material containing compression wood should be rojected.

() Compression failures. This defect is eaused frormn the wood belng overstressed in eompression due to hatural forces during the growth
of the tres, felling trees on rough or irrepular ground or rough handling of togs or lumber, Compression failures are charseterized by a buckling
of the fibers that appewrs as streaks on the surface of the plece substantially at right angles to the gradn, and vary from pronounced fajlures to
very fine halr lines that reqguire elose inspection to deteet. Wond containing obvinus failures should be rejected. In doubtful cases the wood
ahonld be rejected or further inspections in the form of microseopic examinstion or tonghness tests made, the Jatter means being the more reliable.

(X) Decay. Al stains and discolorations should be expmined earstully to deiermine whether or not they are harmless or preliminary or
advanced decay, - All picees should be fres from rot, dote, red heart, purpls heart, and gl1 other forms of decay. ¢

e. General procedure covering polarity, arc length, allowable voltage variation, electrode
type and material, and identification of each welder's work.

d. Detail procedure for each combination of metals covering size and material of electrode,
smperage and voltage for various gages of material.

¢. The method of control including test and inspeetion procedure, etc. In this connection,
sketches of the proposed standard test samples, a sample test report sheet, and a statement concern-
ing the frequency of sample tests, should be submitted. Use of the Specification noted in b above is
considered sufficient in this connection,

f. Drawings of parts to be welded.

When spot and/or seam welding are employed the information required for approval is
similat to that required for the approval of are welding, except that greater importance is attached
to the ]e(iquipment control means and the detail design of the pertinent joint than to the requirements
for welders.

When the experience of a manufacturer and the reliability of the product has been demonstrated
by him to be satisfactory, a blanket approval may be granted for his use of the process,i. e., he need
not obtain approval of each subsequent specific application.

04.4013 Brazing and soldering, The use of brazing and soldering in joining parts of the primary structure is
prohibited except that brazing may be used in special cases when the suitability of the method and applicaiion
can be definitely established to the satisfaction of the Administrator.

04.4014 Protection. All members of the primary structure shall be suitably protected against deterioration or
Ioss of strength in serviee due to eorrosion, abrasion, vibration or other causes, This applies particularly to design
details and small parts. In seaplanes special precautions shall be taken against corrosion from salt water, parti-
cularly where parts made from different metals are in close proximity. All exposed wood structural members shall
be given at least two protective coatings of varnish or approved equivalent. Built-up box spars and similar struc-
tures shall be protected on the interior by at least one coat of varnish or approved equivalent and adequate provi-
sions for drainage shall be made. Due care shall be taken to prevent coating of the gluing surfaces,

Paints, varnish, plating and other coatings should be adequate for the most severe service
expected. Information on the subject of protection is available from paint and varmish manufae-
turers as well as from metal and alloy producers. Expensive changes dictated by service experience
will be avoided if the guestion of protection ts considered in the initial design stages. In addition
to surface protection it is cssential that moisture-trapping pockets and closed non-ventilated com-
partments be avoided. This is particularly true with light alloy and plywood structures. Drain
holes should be provided at low points. :

Two methods of specifying protective coatings are in general use. In one the various opera-
tions or code symbols therefor are listed on the pertinent detail or assembly while in the other method
a specification listing the operation and the numbers or classes of the parts to be so treated is pre-
pared. The latter is more flexiblc when various agencies are being dealt with. Data submitted to
the CAA need cover only the minimum protection to be employed.

04.4015 Inspection. Inspection openings of adequate size shall be provided for such vital parts of the air-
eraft as require periodic inspeetion.
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Points most frequently in need of inspection are main fittings, control linkages, cables at pulleys
and at fairleads and all moving parts and locations where wear is likely to cceur or where lubrication
is required. This includes all points where bolts or pins are installed as bearing surfaces which are
subject to any movement and wear. Satisfactory inspection and servicing of these and other points
can only be earried out if the size and location of inspection openings are such as to give adeguate
accessibility. Particular attention should be given to providing openings making it possible to
inspect for rust or corrosion where dust, sand or moisture 1s likely to accumulate. Careful attention
should be given to the tail section of the fuselage in this regard.

04.402 Joints, fittings and connecting parts. In each joint of the primary strueture the design details shall be
such as to minimize the possibility of loosening of the joint in service, progressive failure due to stress concentration,
and damage caused by normal servicing and field operations.  (See §04.271 for multiplying factors of safety required,)

These parts continue to be the most critical structural elements. No specific rules can be laid
down but some of the more important congiderations follow. The type of fitting is mainly depend-
ent on the magnitude of the loads involved and the nature of the parts being connected. The
material should be chosen after consideration of such factors as corrosion, fatigue, bulk, weight
and production eage. It should be possible to inspect, service and replace each vital fitting.
Points sometimes overJooked in the detail design of fittings include:

a. Stress concentration, either from section changes or from welding or heat treating effects,

&. Adequate allowance for flexibility of parts being joined.

¢. Specifying proper surface condition, L. e., a rough turning job on a highly stressed part
invites cracking and failure,

In the design of fittings at the end of wood spars there is o tendency to crowd bolts too close
1o the spar end in order to secure a more compact fitting. This sometimes results in a shear failure
of the wood along the grain, even though the design load in the tension direction is small. To
reduce the possiblity of such failures bolt spacings and end margins should be in accordance with
figure 2-4 of ANC-5,

In using extruded sections it should be borne in mind that the nature of the extruding operation
produces in effect a longitudinal grain structure. Fittings therefore should be designed to avoid
critical “cross-grain” loading.

Fitting drawings should include tolerances for dimensions of critical sections, such as lugs, in
order to maintain the required strength properties,

04.4020 Bolts, pins and screws. All bolts and serews in the structure shall be of uniformm material of high
quality and of first-class workmanship. Machine serews shall not be used in the primary strueture unless specifi-
cally approved for such use by the Administrator. The use of an approved locking device or method is required
for all bolts, pins and screws.

Approved locking devices include cotter pins, safety wire, peening, and self-locking nuts
listed on Civil Aeronautics Adminstration Produet and Process Specification 4.! Dardelet Threaded
parts are also approved subject to the following restrictions:

a. The parts must be manufactured by s licensee of Dardelet Threadlock Corporation under
the terms of its license agreement. (Note this covers manufacturing considerations peculiar to
this design.)

b. They should be made to conform to Army or Navy matenal specifications,

¢. They should not be used at joints which subject the bolt or nut to rotation.

d. Bolts must be of such length that completely formed thread extends t-hrouih the nut.

¢. They should be called out on the pertinent drawings submitted to the CAA.

04,4021 Wood screws. The use of wood serews in the primary strueture is prohibited except in special cases
when the suitability of the particular application is proved to the satisfaction of the Administrator,

04.4022 Eyebolts. Special evebolts and similar bolts shall have a fillet between the head and the shank of at
least ) the diameter of the bolt whken uged in control surfaces or at other locations where they might be subjected
to bending or vibration,

04.4023 Castings. Castings used in the primary structure shall incorporate the multiplying factor of safety
specified in § 04.272 and shall be of such material and design as to insure the maximum degree of reliability and
freedom from defeets. The Administrator has the right to prohibit the use of castings where such uze is deemed to
be unairworthy.

Castings should be obtained from a reliable source with experience on similar type castings,
Such castings should incorporate generous fillet radii, ample draft, and gradual changes of section.

1 Copies of Product and Process Specificaticn 4 may be obtained from the CAA Informatien snd Statisties Service, A240, Department of
Commerce, Washington 25, D, C.
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Sound eastings can only be secured by proper consideration of and allowance for the flow of molten
metal in the mold. Casting drawings should be ““load marked,” 1. e., the direction and approximate
magnitude of the design loads should be shown. It is then possible for the foundry to cast the
densest and soundest metal at the critical sections. Finished surfaces should end in radii at
inside corners to prevent siress concentration. Some of the more important design and drafting
considerations are givenin Table XX. 1t should be emphasized that these are not given as require-
ments but merely as values and points found aceeptable in general practice. Reference should be
made to trade literature of the various metal and alloy producers for additional information.

As with other sircraft parts, the acceptance of castings for primary structure is predicated
upen thorough and adequate inspection. It is customary to test and section or to X-ray the first
castings of a new part in order to be certain of good design and satisfactory foundry technique.
Production runs may be inspected visually in conjunction with oceasional tests for verification.
Hardness testing of the casting and physical tests of test coupons cast with the part are also used.
Steel castings with smooth surfaces may be inspected by magnafluxing, X-raying provides an
excellent means of thoroughly inspecting castings if the results are properly interpreted, i. e., by
an expert.

TABLE XX.—S8uggested Casting Practice

AL Al M Maxirz;m&l

R Minimuem filled inimum seetion ! | ratic of ad- 34

Alloy radias ! (webs, etc.) Jacent sec- Remarks

tions 2
Aluminom-—Aleos | W/ ____._____._. N NN Used where strength is not primary consideration, Aleoa 12 (BAE No. 33)
12, 43, ete., and should not be used where subjecs to shock or impact, due to its low elonga-
equivalent. tion {29;). Aleoa 43 (SAE No. 35) and 356 alloys which have high silicon
content are used where leak-proof or complicated castings are required.
Aluminum—¢heth- | 347 536’ (W7 it 3:1 | Most alutsinum alloy structural castings sre mades of the 185 or aquivalent
strength)  Aleca strueturally an- material, The 220 alioy is superior for shock and impaect loading but
193, 220, ete., and important). - castings should be simple due to the difficulty in securing satisfactory
eqaivalent. cornplex castings.

Brass, Bronze._.... b L B ¥ LN Red brass such ag BAE No. 40 or Federsl Specification QQ-B-601, grade 2,
is used in fuel and oil line fittings. Phosphor Bronze (SEAE No. 64 and
No. 65 or Federal 8pecification i)-B-691 grade 6) is used for anti-frietion
installations such as bushings, nuts, gears and worm wheels. Man-
ganese snd alominym bronzes (SAE No. 43 and No, 68 or Federal Speci-
fications QQ-B-726 and QQ-B-601) are used where maximnm strength
and bardness are desired.

Magnesium_ 7 (509 greater | 342" o |cmeeeos Not recommended for use at elevated temperatures (limit spproximately
than aluminum 400° F) or in expoesed locations on seaplanes. Particular care should be
preferred). observed in protecting against corrosion and electrolytic action.

Bteel . . 157 (44" preferred) | M. ... 5:2 | Used primarily for heavily loaded parts such as in landing gear of large air-
craft. Alloys used include chrome-molybdenum, nickel, and man-
ganese. When using high ultimate tensile-strengths the effect of the
corresponding low elongation should be eonsidered.

t Larger values should be used where possible.

# High)y dependent on other factors,

? For allowable stresses see ANC-5 “Strength of Aircraft Elements.”

+ For additional factor of safety see T'sble XII. When using this factor the 509, stress reduction noted in ANC-5 inay be disregarded.

04.403 Tie-rods and wires. The minimum size of tie-rod which may be used in primary structure is No, 6-40.
‘The corresponding minimum allowable size of single-strand hard wire is No. 13 (0.072-inch diameter).

When unswaged threaded-end tie rods are used, particular attention must be paid to the end
connections to insure proper alignment. The wires should be so carried through sleeves or fittings
that any bending is limited to the unthreaded portion of the rod. Where this is not done, even
small bending stresses may soon cause fatigue failure at the thread roots. High margins should
be incorporated since practically all working from tension loads, with attendant stress concentra-
tion, will occur In the threaded portion. Swaged tie rods are considered much more satisfactory
and may be no more costly in quantities. A satisfactory locking means should be used. Check
nuts have been found acceptable for this purpose, when employed on terminals not subjected to
appreciable vibration,

04.4030 Wire {erminals. The assumed terminal efficiency of single-strand hard wire shall not be greater
than 85 percent.

04.4031 Wire anchorages. A fitting attached to a wire or eable up to and including the 3,400-pound size shall
have at least the rated strength of the wire or cable, and the multiplving factor of safety for fittings (§ 04.271) is
not required in guch cases. In the case of fittings to which several tie-rods or wires are attached, this requirement
applies separately to each portion of the fitting to which a tie-rod or wire is attached, but dees not require simul-
taneous application of rated wire loads. The end connections of brace wires shall be such as to minimize restraints
against bending or vibration. :
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04.4032 Counter wire sizes. (See also §§ 04.274 and 04.275) In a wire-braced structure the wire sizes shall
be such that any wire can be rigged to at least 10 percent of its rated strength without causing any other wire to
be loaded to more than 20 percent of its rated strength. As used here ‘rated strength” refers to the wire proper,
not the terminal,

04.404 General flutter prevention measures, When he deems it necessary in the interest of safety, the
Administrator may require special provisions against flutter. For specificrequirements ses §§ 04,323, 04,413, 04.423,
04,424, 04,425, 04,426, 04.435, 04.436, and 04.707. : : .

A. General

1. Flutter is a violent self-induced vibration of a body resulting from a coupling of aerody-
namic, elastic and inertia forces acting upon the body. For detailed information on flutter
theory and its application, reference should be made to one or more of the following:

Theodorsen and Garrick—Mechanism of Flutter NACA TR 685
Kassner-Fingado—The Two Dimensional Problem of Wing Vibration Translation—dJournal
Royal Aero Society, October 1937
Kiissner—=Status of Wing Flutter Translation—NACA TM 782, January 1936 '
Lombard—Conditions )For The Occurrence of Flutter California Institute of Technology The-
sis (1939

Reference to other work will be found in the bibliographies contained in the above. The study of
flutter is passing through' a period of rapid development and it appears that a better and more
accurate understanding of the inter-relation of rigidity, mass properties and frequencies and their
effect upon flutter will soon emerge.

2. Flutter theory is in general based upon frue velocity and sea level atmospherie conditions.
For this as well as other reasons an ample margin, particularly on high performance aircraft, should
be maintained between the computed flutter speed and the actual dive speed attained in testing.
The trend of critical flutter speed with altitude may be expressed thus:

[F-

S~ SPEED OF SOUND

" —
—
—~—

. TRU -~

30,000
0 |
0 ALTITUDE

but values for specific eases will be dependent upon wing weight and other factors,

3. For wings, the use of the fundamental theory of Theodorsen has been simplified for certain
cases by the work of Bergen and Arnold (given at the Institute of the Aeronautical Sciences meeting
at Los Angeles in June 1940) who treat the special case of wing bending-aileron by a graphical
method, and Wylie (unpublished). In addition, for civil aircraft, conventional size and perform-
ance, the use of a suitable wing torsional rigidity criterion, together with proper observance of other
measures, provides adequate mmsurance against flutter.

4. For control surfaces, recent unpublished Air Corps studies (Dent and Smilg) indicate that
g relationship:

where V., == Flutter speed
\J Flutber = Freq. fixed surface
o
FA A = Area movable surface -
VA K/I = Balance coefficient of movable surface
No Filutter

Wi
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holds considerable promise, and they have tentatively established o number of check points on the
curve. The basic similarity of the above curve to the usual Kiissner formula of:

v, =%
where F' = Critical frequency

O = Wing chord

K = Reduced frequency coefficient (dependent on particular characteristies of the airplane)
is apparent, since both show an increase in flutter speed with an increase in frequency or size of the

airplane, other factors remaining constant (both ¢ and +/A being dimensionally length units).
5. By replotting the Air Corps data on the scales used in figure 37a, thefollowing isobtained:

\\ /——Va.].ues of RA
K/1 3000 etc.

vg

If the results of further study and experience warrant, suitable modifications to the K/{=V relation
shown on figures 37a and 37b will be made. ,

6. In general, the various limiting values given hereafter to rigidity, mass balance and fre-
quency ratio, and the practices on detail design should be closely observed. As indicated above,
however, rapid progress is being made toward a better understanding of the problem, and for new
aircraft, therefore, it is recommended that an outline of the proposed flutter prevention measures
be submitted to the CAA for examination and comment as early in the development as possible.
The Flutter Control Data Form No. ACA-719 (Table XVII) used in the final vibration testing was
evolved for the dual purpose of simplifying submittal of data and of facilitating study by the National
Advisory Committee for Aeronautics and other interested government agencies through a more
rapid eollection of information.

B. Rigidity

1. This factor is of first importance, since coupling (and consequently flutter) can only occur
through deflection. However, increases in aireraft size, a trend toward thinner airfoils, prevalence
of discontinuities and cutouts, and weight limitations make necessary the establishment of minimum
acceptable rigidities, Rigidity may be represented in terms of frequencies, and often is in flutter
theory. .

2. Wings.—The torsional rigidity of wings is highly important. This should be investigated
by means of a wing torsion test (K, page 63) unless other adequate data are submitted. Figure 36,
a development of an earlier curve of the same number, but based upon considerably more informa-
tion including certain Navy data, indicates values of (7 which have been found satisfactory for
conventional designs, If the test is conducted on a fabric covered wing with taut fabrie, an
allowance of approximately 10 percent {dependent somewhat on the size of the wing) should be
made for the effect of fabric aging. Since the actual torsional deflection of the wing will depend
upon the moment coeflicient of the airfoil employed, it is advisable to introduce the additional
criterion that the maximum torsional deflection under the limit load critical for torsion not exceed 3°.

C. Mass Balancing

1. Formethods of comnputing static and dynamicbalance values see pages 10240 106.  (The weight
and statlc hinge moment, or CG location, of finished movable surfaces should be checked to insure
that the computed values are not unconservative.) See paragraph E “Detail Design’, for notes
on the installation of balance weights. Note that the specified dynamic balance coeflicient values
may in some cases be influenced by the frequency ratio (see Fig. 37¢).

2. Compliance with the following dynamic balance coeflicients and static balance conditions
should be shown unless other equally effective steps to prevent control surface flutter are shown to
have been taken:

a. Ailerons.—When V,is in excess of 150 mph the dynamic balance coefficient as computed
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about the aileron hinge axis and the longitudinal axis of the airplane should not be greater than the
following value

KiI=16 3—V./100) {See Fig. 37a)

except that it need not be less than zero. Ailerons on internally braced wings, or on airplanes with
B, in excess of 200 mph should be completely statically halanced about their hinge line when in
the neutral position,  Special consideration will be given to lesser static and dynamic balance when
the aileron control system 1s substantially irreversible. )

b. Rudders—When V, is in excess of 150 mph, the dynamic balance coefficient of the
rudder(s), as computed about the rudder hinge axis and the axis of torsional vibration of the
fuselage, should not be greater than the value given in paragraph ¢ above, except that it need not
be less than zero. When rudders are not in the plane of symmetry they should be completely
statically balanced (zero unbalance).

¢. Elevators.—When V, is in excess of 150 mph, the dynamic balance coefficient of each
separate elevator (for each half of a continuous elevator}, as computed ahout the elevator hinge axis
and the centerline of the intersection of the stabilizer and the plane of symmetry, should not be
greater than the following value

KiI=3.0—V,/250  (Sce-Fig. 37h)

When the rudder(s) has (have) complete dynamic balance about a conservatively chosen axis, a
special ruling may be obtained from the CAA regarding the elevator dynamic balance if the coeffi-
clent is greater than above specified. This ruling will be dependent on the general design of the
entire tail unit.

d. Tebs—Trim and balancing tabs should be statically balaneed about their hinge axes
unless an irreversible non-flexible tab control system is used. The balancing of control tabs will
depend on the particular installation involved and special rulings should be obtained from the
CAA in such cases,
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D. Frequency Ratio

1. In accordance with general practice, in this discussion frequency ratio is defined as the
frequency of the movable surface divided by the frequency of the fixed surface (or other element
to which the movable surface is attached}, and for a single airfoil as the frequency in bending
divided by the frequency in torsion, thus:

F movable surface
I fixed surface '
F bending
F torsion

Tests conducted by the Air Corps with flutter models have indicated that, when the frequency
ratio invelving a movable surface is greater than 1.0 the possibility of flutter in this mode is much
reduced as compared with frequency ratios less than 1.0. A study of previous vibration test data
and the service records of the aircraft tested, together with Air Corps test data, have indicated
the desirability of using the frequency ratio as an additional limitation on the curves of the dynamic
balance coefficient (K/I) versus design gliding speed (V), as shown in figure 37a for the aileron
and rudder and in figure 37b for the elevator.

2, This limitation is expressed as a curve in figure 37c. The shaded portion marked “Approval
dependent upon special considerations’ is considered an undesirable range and aplprov_al is sub-
ject to consideration of the modes involved, actual values of frequencies, speed of the aircraft,
value of K/, ete. For this reason it is advantageous to submit to the Administration as early as
possible in the development of & new model an outline of the proposed flutter prevention measures.

- 3. The following frequency ratios should be determined from the vibration test data (see
pages 71 to 75 and Table XVII) and check against the K/f—frequency ratio limitations of figure
37¢c: (For description of particular modes see 04.323.)

a.** Rudder (as a unit) * Rudders (Unsym.)

Fuselage Torsion ’ Fuselage Torsion
6.** Rudder (as a unit} or * Rudders (Unsym.)

Fuselage Side Bending’ Fuselage Side Bending
e. Rudder (as a unit)

Fin Bending
d.* Rudders (Sym)

Stabilizer Bending
¢.*  Rudders (Unsym)

Stabilizer Rocking about Fuselage Attachments
f.* Rudder (Unsym)

Fin Bending

and

g. Elevator (Sym)
Ifuzelage Vertical Bending
k. Elevator (Sym)
Stabilizer Bending
i.  Elevator (Unsym)  Elevator (Unsym.)
Fuselage Torsion '’ T Stabilizer Rocking about Fuselage Attachments
7. Alleron (Sym)
Wing Bending (Sym)
k. Alileron (Sym)
Wing Torsion (Unsym)
[.  Wing Bending (Unsym)
Wing Torsion (Unsym)
m.  Stabilizer Bending
Stabilizer Torsion
n.  Balance Weight and Arm Assembly
Surface mode (see below)
*0Only for rudders #ot in the plane of symmetry. **(Gnly for & rodder in the plane of symmeiry.
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Note: The eritical balance weight and arm frequency will usually be bending in a plane normal
to the hinge line of the surface. The surface mode would be the one likely to couple with the
above—such as movable surface (sym.). Tt is desirable to have the above frequency ratio sub-
stantially greater than 1.0, THowever, the balance weight arm bending frequency should also be
checked in & plane parallel to the hinge line of the surface. This may be critical for the elevator
balance weight in a fuselage side bending mode, ete.

The following special cases should also be considered for large aircraft:

0. Aileron (Ungym)
Wing Bending (Unsym)

p. Aileron (Unsym)
Wing Torsion (Unsym)

¢. Wing Bending (Unsym)
Wing Torsion (Unsym)

r.*Rudder (Torsion)
Fin Rocking about Stabilizer Attachments
Note: This would apply to outboard vertical surfaces disposed both above and below
the stabilizer and is somewha$ analogous to an elevator unsymmetrical—fuselage torsion
case.

5. *Stabilizer Torsion
Fuselage Torsion

*Only for rudders wot in the plane of symmetry.

In general the natural frequency of a tab having an irreversible control mechanism should
not be less than 1500 CPM. In the case of a servo tab with a frequency ratio less than 1.2, com-
plete dynamie balance should be had; i. e., K/I=0. - _

E. Detail Design

1. Service troubles and accident records reveal that particular attention should be paid to
items such as the following:

@. The trailing edges of movable surfaces should be rugged to reduce the possibility of
additional weight being added during field repairs with an adverse effect on the mass balance
characteristics, ‘

b. Tab mechanisms should be simple and rugged to avoid improper assembly, or the
gossibility of play developing due, for example, to open end (i. e., magneto type) ball thrust bearings

eing inserted backwards.

¢. Provide adequate ““carry through” structure to insure rigidity.

2. A rugged aileron hinge bracket ig of little merit unless the rear spar to which it attaches is
well restrained against “rolling.” Likewise rugged cabane members with good angular relations
will fail to restrain the wing cellule if anchored mto eccentric apex joints.

3. The interconnection between elevators should be rigid and rugged, in order to maintain a
satisfactory margin of safety against an elevator unsymmetrical (torsion) mode of vibration.
Butt welded joints should preferably be reinforced with gussets.

4. The general principles of flutter prevention should be observed on all airplanes. This
applies particularly to the design and instailation of control surfaces and control systems and
includes such desirable features as structural stiffness, reduction of play in hinges and control
system joints, rigid interconnections between ailerons and between clevators, complete static and
dynamic balance of control surfaces and high damping. For fixed surfaces, such as wings,
stabilizers, and fins, it is desirable to keep the center of gravity location of the surface as far forward
as possible. Features tending to create aerodynamic disturbances, such as sharp leading edges
on movable surfaces, should be avoided. These principles apply also to wing flaps and particularly
to control surface tabs which are relatively powerful, and correspondingly more dangerous if not
properly designed. In the design of control surfaces, dynamic balance should be achieved, as
far as practicable, by distributing the structursl material in such a way (element by element,
spanwise) that a uniform condition of static balance will result without adding large amounts of
lead. If possible, the use of large concentrated weights should be avoided, since fatigue failures
may result in the supporting arms and attachments. When concentrated weights are used to
achieve the required degree of dynamic and static balance, it is a good rule that the number of
weights used be at least equal to the number of hinges, The attachment of each weight should
be sufficiently strong and rigid that its frequency is above that of the surface proper. Where
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weights are riveted into the leading edge of a surface no difficulty should be encountered on this
point, but if an arm is used to support the mass, a design factor several times the Condition T
load factor may be necessary for the arm and its attachment to the surface.

5. It should be realized that various forms of flutter are possible and that there usually exists
for each type of flutter a critical speed at which it will begin. This critical speed will be raised
by an improvement in the antiflutter characteristics of the particular portion of the airplane
involved and may even be eliminated entirely in some cases. '

0441 DETAIL DESIGN OF WINGS.

The general considerations of good detail design, which have been previously covercd, are
of particular importance in connection with wing structures since these structures are involved in
carrying some of the heaviest loadings present in the airplane structure. Fittings and joints in
wings often represent some of the most critical design problems and they must be carefully pro-
portioned so that they can pick up loads in a gradual and progressive manner and redistribute
those loads to other portions of the structure in a similar manner, This requires that special
attention be paid to minimizing stress concentrations by avoeiding too rapid changes in cross sec-
tions, and to providing ample material to bandle stress concentrations and shock loadings which
cannot be avoided.

The above principles are of gpecial importance in connection with wing carry-through struc-
tures which serve to carry landing loads to the fuselage, In such cases allowance should be made
for the fact that landing loads are of the impact type. This necessitates the provision of adequate
bearing areas for all attachments which carry such loads into the basic structure. Recommenda-
tions in this connection are given in ANC-5, Tables 4-2 and 4-3, and in ANC-5-5.501.

In addition to the problem of locally introducing these loads into the structure, provision must
be made for distributing these loads throughout the structure. Bulkheads for this purpose in
stressed-skin wings must have ample rigidity and an allowance must be made for the fact that it
requires some distance before these loads are completely distributed into the structure in a manner
approaching that indicated by simple beam theory.

The above recommendations apply with equal weight when g landing gear is attached directly
to a wooden spar. In some respects they apply even more since experience has shown that wood
is much more subjeect to stress concentration effects than has been appreciated in the past. Due
allowance should be made for stress concentrations due to holes through the spar, and when such
holes pierce both the spar cap strip and filler block (when such are used) the filler block should
extend a sufficient distance away from this part so that it has an ample opportunity to distribute
the loads, Tn addition, filler blocks should be generously tapered in order to avoid rapid changes
in the effective cross-section of the spar. In general, it 1s good practice to distribute the landing
loads into wooden spars by means of a number of small bolts rather than by a few large bolts. When
it is difficult to obtain an adequate attachment of the gear to the spar by means of bolts alone
(i. €., when the bolt area required would cut-out too much of the spar), it is advisable to incorporate
a hardwood block under the spar to assist in distributing the landing gear load.

04.410 External bracing. When streamline wires are used for external lift bracing they shall be double unless
the design complies with the lift-wire-cut condition specified in § 04.2161. (See also § 04.273))

04,4100 Wire-braced monoplanes. If monoplane wings are externally braced by wires only, the right and
left sides of the bracing shall be independent of each other so that an unsymmetrical load from one side will not be
carried through the opposite wires before being counteracted, unless the design complies with the following con-
ditions: (@) The minimum true angle between any external brace wire and a spar is 14 degrees. (b) The counter
(langinggl wires are designed to remain in tension at least up to the limit load.  (¢) The landing and flying wires
are double,

04.4101 Multiple-strand eable shall not be used in lift trusses,

04.4102 Jury struts. When clamps are used for the attachment of jury struts to lift struts, the design shall
be such as to prevent misalignment or local crushing of the lift strut.

04.411 Wing beams. Irovisions shall be made to reinforce wing beams against torsional failure, especially
at the point of attachment of lift struts, brace wires and aileron hinge brackets.

04.4110 Wing beam joints. Joints in metal beams (exeept pinned joints), and joints in mid-bays of wood
beams shall maintain 100 percent efficiency of the beam with respect to bending, shear and torsion.

04.412 Drag truss. Fabric-covered wing structures having a cantilever length of overhang such that the
ratio of span of overhang to chord at root of overhang is greater than 1.75 shall have a double system of internal
drag trussing spaced as far apart as possible, or other means of providing equivalent torsional stiffness. In the
former case counter wires shall be of the same size as the drag wires.  (See also § 04.275.)

04.4120 Multiple-sirand eable shall not be used in drag trnsses unless such use is substantiated to the satis-
faction of the Administrator.

(04.413 Aileron and flap attachments. Aileron and flap attachment ribs or brackets shall be rigidly con-
structed and firmly attached to the main wing structure in order to reduce wing flutter tendencies,
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04.414 Internally-braced biptanes. Internally-braced biplanes shall be provided with N or [ struts to
equalize deflections, and the effech of such strats shall be considered in the stress analysis.

04.415 Fabric covering. Fabric covering shall comply with the reqnirements of § 04.400 and shall be attached
1;: s manner which will develop the necessary strength, with due consideration for slip-stream effecis, (See § 04.-
14.)

A. Cotton Fabric, Reinforeing Tape, Smrface Tape and Laeing Cord

CAA grade A fobric.—Cotion {abrie used on siveraft with wing loadings of 11 1bs. per sq. fi.
or over, or design gliding speeds of 240 mph or over (see Fig. 38) should conform with or exceed
the {ollowing specification.  {Note: AN-CCC-C-399-1 exceeds this spec.).

@ The cloth should be made from single ply or 2-plv, combed cotton yarn and should be
of plain weave. The varn should be mercerized under tension or the cloth should be piece mercer-
ized or similarly processed to remove the wax coating from the cotton fibers for the purpose of
increasing the dope absorptive capacity of the material,

b. The selvage edges should be flat woven with no greater tension than the body of the cloth.

¢. Finishing should consist of washing, framing and ealendering. The calendering should
be sufficient to lay any nap present and to provide a smooth even surface.

#. The cloth should not contain over 2.5 percent sizing, finishing and other non-fibrous
materials and should he chemically nentral.

¢. The number of threads per inch should be between 80 and 84 in both warp and filling.

f. The breaking strangih should nat be less than 80 Ibs. per inch in both warp and filling as
determined by the strip method of testing. This mecthod is outlined in Federal Specification No.
CCC-T-1914 and conzists briefly of the following:

(1) 5 warp and 5 filling specimens at least 6 inches long and 1.25 inches wide taken from
at least one-tenth of the width of the meterial away Irom the selvage should be pre-
pared for test by raveling to 1 inch in width, taking from each aide approximately
the zame number of threads. _

(2) The specimen should be placed in the testing machine with the jaws 3 inches apart at
the start of the test.

{3) The breaking strength is the average of the results obtained by breaking 5 specimens.
If & specimen slips in the jaws, breaks in the jaws, breaks at the edges of the jaws,
or breaks prematurely for any other reason attributzble to faulty operation, the
result may be disreparded, another specimen taken, and the result of this break

. included in the average.

¢. The elongation should not be greater than 13 percent in the warp and 11 percent in the
filling under 70 lbs. tension load during the sturip test, Tho percentage should be baged on the
average of the five specimens,

#. Fabrics meeting the sbove limitations may vary considerably In doping characteristies.
Thercfore, the airplane mennfacturer should demonstrate that his doping equipment and production
procedure and technigue will vesult in adequate dope penetration and adhesion in the case of the
particular type of fabric he employs.

: UAA Lightweight fabric —Cotton fabric used on aireraft with wing loadings up to and including

8 lbs. per sq. It., or design gliding specds up to and including 150 mph (see figure 38) and having
nijb sfpac-ings in accordance with figure 39, has the same specifications as Grade A fabric except for
the following:

@. The number of threads per ineh should not exceed 110 in both warp and filling.

b. The hreaking strength should not be less than 50 Ibs. per inch in both warp and filling as
determined by the strip method of testing, This test method is described in 1f above.

¢. The elongation sheuld not be greater than 13 percent in the warp and 11 percent in the
filling under 44 lhs. tension load during the strip test. The percentage should be based on the
average of the five specimens.

Note: Fabric for aireraft having wing loadings and speeds substantially lower than roted above or fabrie that
does not meet the ahave specification in all respeets but has been proven by oxtensive satiafactory service experience
to be suitable for aireraft use will be subjoet to special consideration. In no case, however,should the sizing content
exceed 2 5 percent. A de-sizing operation may be necessary ko reduce the sizing content to-the value speecified.

Intermediate grade fabric —A straight line variation between the physical properties of Grade A
and lightweight fabries should be sssumed in seleeting fabric for aireralt which have wing loadings
between 8 and 11 1bs. or design gliding speeds between 150 and 240 mph. For example, fabric
having a breaking strength of 60 Ihs. per inch and a thread count of 90 18 superior to hightweight
fabric by 77 percent in thread covnt but only Ly 33 pereent in strength. Thus the fabric 1s suitable
for all aircraft baving wing loadings of §4-.33 (11—8)=9 lbs. per sq. ft., or less, or design gliding
speeds of 150-+.33 (240— 150} =180 mph, or less, as shown by the broken line in figure 38,
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Reinforcing tape used with Grade A fabric should conform with or exceed the following speci-
fication:

a. The tape should be made from combed cotton yarn, should be unbleached and should not
contain more than 8.5 percent sizing, finishing and other nonfibrous materials.

b. The breaking strength should not be less than indicated in the following table when tested
in accordance with Federal Specification No. CQC-T-191a, using the average breaking strength
of 5 full-width specimens.

Width—inches: %; %; %; %; %; 1;
Bresking strength—1bs:  80; 120; 150; 170; 200; 250; .

Reinforcing tape for lightweight fabrie should conform with a above, and the breaking strength
should not be less than one-half of the values histed for Grade A tape.

A straight line variation between the physical properties of the Grade A and lightweight rein-
foll;cing tapes should be assumed in selecting reinforcing tape for use with intermediate grade
abrics. :

Surface tape should have approximately the same properties as the fabric with which it is
used and should have pinked, scalloped or straight edges.

Lacing cord should be of high quality linen or cotion cord, should have a strength of at least
80 1bs. when tested double, and should be lightly waxed before using.
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Figure 38.—Selection of fabrie.

2

B. Other Covering Materials

Fabrie, reinforcing tape, surface tape, and lacing cord made from materials other than cotton
(or linen in the case of laging cord) will be subject to special consideration. Tn addition to showing
compliance with the pertinent parts of the specifications listed in A above, it will usually be neces-
sary that a certain amount of satisfactory service experience on expertmental aircraft covered
with these materials be accumulated before final approval may be granted.
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C. Technique of Covering

Seams.— All seams should be plain lap, folded fel or French fel seams (see fig. 40) machine
stitched except as indicated below. Eight to ten stitches per inch should he used. The row of
stitches nearest cach folded edge of cach seam should be approximately ¥e-inch from the edge of
the fold and the rows should be 4%- to %-inch apart.

@. All scams should be parallel to the line of flight except as noted below. Seams should
preferably not cover a rib or be placed so that the lacing will be through or over the seam. In
the case of tapered wings or control surfaces, the seams should be disposed so as to cross the fewest
number of ribs consistent with efficient cutting. of the pattern.

b. The only seam extending spanwise of the wing or conirol surfzce, whether hand or
machine sewn, should be at the trailing edge, except that in the case of tapered wings or control
surfaces additional seams may be made in the tapered portion at the leading edge.

%. min. émin.

] ] .
. I‘IE min, I‘l—s min,
=.|.-—-——-i H"—"E

3] | [

PLAIN LAP FOLDED FEL FRENCH FEL

Figure 40.—Fabric stitching seams.

Covering —Either the envelope method or blanket method of covering is aceeptable.

@. The envelope method of covering is accomplished by sewing together widths of fabric
cut to specific dimensions and machine sewn to form an cnvelope which can be drawn over the
frame. The treiling and outer edges of the covering should be machine sewn unless the frame i3
not favorably shaped for such sewing, in which case the fabric should be joined by hand sewing as
described below for blanket covering,

b. The blanket method of covering is accomplished by sewing together widths of fabric of
sufficient lengths to form a blanket covering for all surfaces of the frame. The trailing and outer
edges of the covering should be joined by using a plain overthrow or baseball stitch, except that
on airplanes with design gliding speeds of 180 mph or less the blunket may be lapped at least one
inch and doped to the trailing and outer edges of wing and control surface structures and to fuselage
structures. In fabricating both the envelope and blanket coverings, the fabric should be cut in
sufficiently great lengths to pass completely around the frame, starting from and returning to the
trailing edge, :

¢. Hand sewing or tacking should begin at a point where machine sewing stops and should
continue to a point where machine sewing or uncut fabric is reached. Hand sewing should be
locked at intervals of six inches, and the scams should be properly finished with a lock stitch
and a knot. . Where tacks are used, they should be not more than 1.25 inches apart.

d. An adequate number of drain grommets properly located to insure complete drainage
and ventilation of the wing or control surface should be installed,

Attachment aof fobric to structure—Fabric is usnally attached to the struclure by means of
lacing cord. QOther means of attachment such as self-tapping screws and wire and strip should
give comparable support.. (In questionable cases, sketches and tests or test proposals should be
submitted for rulings by the Administrator.) The following factors should be considered when
attaching fabric to the structure by means of lacing eord. '

@. Care should be taken to insure that all sharp edges against which the lacing cord may
bfea-r are adequately protected by commercial tape, or its equivalent, in order to prevent abrasion
of the cord.

b. Reinforcing tape of atleast the width of the rib cap strips should be placed under all lacing,
The tape under moderate tension should be tacked or otherwise attached at the trailing edge of
the ribs, brought completely around the wing or control surface and attached again at the trailing
edge. In the case of wide cap strips, two widths of reinforcing tape may be used. In the casc of
wings or control surfaces with plywood or metal sheet from the nose to the front spar, the reinforcing
tape need only extend from the trailing edge to the front spar.

. Stitch spacing should not exceed those shown in figure 39 which has been derived from
extensive experience,
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-d. A slip knot for tightening should be used at the first point of lacing. The cord, which
should be lightly waxed before using, should then be carried to the next point and secured by a
seine knot or other equally satisfactory knot and this process continued until the lacing is complete.
The cord should be secured at the finish of the Jacing by tacking or by a double or lock knot.

e. All seams, leading edges, trailing edges, outer cdges and ribs should be covered with
suitable width surface tape.

Dope and other protective coatings.—'The number and type of such coatings are usually based
upon such factors as the service cxpected, degree of finish desired, and cost. In gencral, the dope
manufacturers’ recommended doping procedures should be followed. Precaution should be taken
not to sand heavily over surface tape and spars in order not to damage the stitching cords and fabric.

04.416 Metal-covered wings. The detail design of such wings shall incorporate suitable provision against
buckling or wrinkling of metal eovering as specified in §§ 04.201 and 04,314,

The covering should be sufficiently strong and adequately supported to withstand critical air
loads and handling without injury or undesirable deformations. Deflections or deformations at
low load factors which may result in fatigue failures should be avoided. In general, skin which
shows deformations commonly known as “oil-cavning” under static conditions is considered un-
satisfactory. '

In an attempt to establish an empirical method of predicting panel sizes which will be free
from unsatisfactory ““oil-canning”, figure 41 has been included as a proposal. In this case the
skin thickness and unsupported panel widih have been considered the main variables. Other
important variables include stress {(if appreciable) carricd by skin, airspeed, wing loading, and
workmanship, Comments and data on this subject are solicited.
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04.42 DETAIL DESIGN OF TAIL AND CONTROL SURFACES.

It is very important that control surfaces have sufficient torsional rigidity. No specific limite
of permissible maximum deflection of the surface alone are offered, since these may vary widely
with the type, size and construction of the surface. However, the behavior of the surface during
proof tests should be closely observed. In addition the effect of tho control system “stretch’ on
the total surface deflection under limit maneuvering loads should be considered from the stand-
point of “surface usefulness’”’, as described in paragraph 11, page 108. ]

Clearances, both linear and angular, should be sufficient to prevent jamming due to deflections
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or to wedging by foreign objects. It is common practice in the design stage to incorporate an
angular clearance of 5 degrees beyond the full travel limit. Surfaces and their bracing should have
sufficient ground clearance to avoid damage in operation.

External wire bracing on tails is subject to vibration and the design of the wire assembly and
end connections should be such as to withstand this condition. Swaged tie rods are recommended,
except that for use on light aircraft unswaged rods are acceptable if the points covered under
“Tie rods and wires,” page 89 are followed. Leading edges and struts should have adequate strength
to withstand handling loads if handles or grips are not provided,

Direct welding of control horus to torque tubes (without the use of a sleeve) should be done
only when a large excess of strength is indicated.

04,420 Installation. Movable tail surfaces shall be so installed that there is no interference between the
surfaces or their bracing when any one is held in its extreme position and any other is operated through its full
argular movement.

04.421 Stops. When an adjustable stabilizer is used, stops shall be provided at the stabilizer to limit its.
n}llovement, in the event of failure of the adjusting mechanism, to a range equal to the maximum required to balance
the airplane.

Stops are specifically required in the case of adjustable stabilizers and elevator trailing edge
tab systems ((4.421 and 04.4210}. Some form of stop should, however, be employed at all surfaces
in order to avoid interferences and possible damage to the parts coneerned and to limit the travel
to the approved range. (See also ““Stops,” page 109.)

04.4210 Elevator trailing edge tah systems shall be equipped with stops which limit the tab travel to values
not in excess of those provided for in the struetural report. Thiy range of tab movement shall be sufficient to
balanece the airplane under the conditions specified in § 04.704.

04.422 Hinges. Hinges of the strap type bearing directly on torque tubes are permissible only in the case of
steel torque tubes which have a multiplying factor of safety as specified in § 04.276. In other cases sleeves of
suitable material shall be provided for bearing surfaces.

The following points have been found of importance in connection with hinges:

1 a. Provision for lubrication should be made if self-lubricated or sealed bearings are not
used.

b. The effects of deflection of the surfaces, such as in bending, should be allowed for, par-
{;icularly with respeet to misalignment of the hinges. This may also influence spacing of the
hinges, .

§ ¢. Suflicient restraint should be provided in one or more brackets to withstand forces parallel
to the hinge centerline. Rudders, for instance, may be subjected to high vertical accelerations in
ground operation.

d. Hinges welded to elevator torque tubes or similar components may prove difficult to
align unless kept reasonably short and welded in place in accurate jigs.

¢. Piano type hinges are acceptable with certain restrictions. In general only the “closed”’
type should be used, i e., the hinge leaf should fold back under the attachment means. The
attachment should be made with some means other than wood serews, and this attachment should
be as close as possible to the hinge line to reduce flexibility. Pjanc hinges should not be used
at points of high loading, such as opposite control horns, unless the reaction is satisfactorily dis-
tributed. Due to the difficulty in inspecting or replacing a worn hinge wire, it is better to use
several short lengths than one long hinge.

04.4220 Clevis ping may be used as hinge pins provided that they are made of material conforming with, or
the equivalent of, 8, A. E. Specification 2330.

04.423 FElevators. When separate elevators are used they shall be rigidly interconnected.

When dihedral is incorporated in the horizontal tail the umiversal connection between the
elevator sections should be rugged to conform with the above elevator requirement.

04.424 Dynamic and staiic balance. All control surfaces shall be dynamiecally and statically balanced to
the degree necessary to prevent flutter at all speeds up to the design gliding speed.

Dynamic balanee.—A movable surface is dynamically balanced with respect to a given axis
if an angular acceleration of the surface about that axis does not tend to cause the surface to swing
about its own hinge line. A control surface which is dynamically balanced about a certain axis
will therefore remain “neutral” with respect to a torsional vibration about that axis; that s, it
will act as though rigidly connected with, and a part of, the fixed surface to which it is attached.
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As the types of flutter likely to be encountered in aircraft structures involve both torsional and
bending vibration, the type of balancing employed and the choice of a suitable reference axis for
any given case will depend on the pariicular form of flutter to which the component is subjected.

Static balance—Complete static balance of a movable control surface is obtained when the
CG of the movable structure is located on the hinge line; i. e., zero unbalance hinge moment, or
in a plane through the binge line and normal to the median plane of the surface. The following
points should be noted in connection with statically balanced surfaces:

2. When a surface is in complete static balance the numerical value of the product of inertia
() is the same for any set of parallel oscillation axes. However, the sign-of the product of inertia
(£) will depend on the location of the oscillation axis with respect to the center of pressure (CP)
of the surface. : .

b. Tt should be noted that when each section of a surface perpendicular to its hinge axis
is statically balanced, the surface will be in complete dynamie balance for oscillation about any
axis perpendicular to the hinge axis; i. e., K/I=0.

¢. When the surface is statically balanced it will have some dynamic unbalance with respect
to oscillations about an axis purallel to the hinge axis; 1. e, K/T=1.0.

Balance coefficients.—The dynamic balance coefficient, K/, is a measure of the dynamic
balance condition of a control surface. A zero coefficient corresponds to complete dynamie balance
for any given set of axes; i. e., perpendicular, parallel, or at an angle to each other. Positive and
negative coefficients correspond to dynamic unbalance or over-balance, respectively. ‘This co-
efficient is non-dimensional and consists of a fraction whose numerator is the resultant weight
product of inertia of the control surface including balance weights (about the hinge and oscillation
axes) and whose denominator is equal to the weight moment of inertia of the control surface (in-
cluding balance weights) about the hinge axis. The coefficient K/l may be said to represent:

Exeiting Torque
Resisting Torque

and is bherefo_rc more rational than the coefficient Cp which is:

Exbiting Torque
Weight X Area

+Y NOTE. +¥-AX)S IS5 TAKEN
ON SAME SIDE OF A-AXIS
AS IS CP OF MANEBUVER"
ING LOAD OM SURFACE

CP OF MANEUVERING
LOAD DISTRIBUTION

NOTE' +X-AXIS
TAKEMN REARWARD

y;”/HINGE AXIS

Y

Figure 42.—Dynamic balancing of control surfaces.

AX1S OF OSCILLATION
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Both are non-dimensional and will vield comparable results for conventional surfaces, but only
K/I may be considered to properly apply to other surfaces. It should be pointed out, however,
that when K/7 is used, variations with different aspect ratio of the control surface may arise, par-
ticularly for the perpendicular axes case. This does not oceur with Cs.

Product of inertia with respect to two axes that are mutually perpendicular—In computing the
dynamic balance coefficient, K /I, of a control surface for axes that are mutually perpendicular (with-
in 15°), the following procedure may be used: Referring to figure 42.

a. Assume *-axis coincident with the assumed {or known) oscillation axis. Positive diree-
tion from the Y-axis is aft of control surface hinge axis, and negative forward of hinge.

b. Assume Y-axis coincident with the control surface hinge axis. Positive direction from
X-axis is taken on the same side of the X-axis as is the center of pressure (CP) of the maneuvering
load on the surface (sce figs. 19 and 22 for the mancuvering load distribution). It should be noted
that it is unnecessary to compute the position of the CF for these purposes, if the side of the X-axis
on which it lies may obviously be determined by inspection.

¢. After the reference axes have been established, the surface should be divided into relatively
small parts and the weight of cach such part (w) and the perpendicular distance from its (G to each
axis (z to ¥-Y axis and y to X-X axis) should be determined and tabulated. {See Table XXI1.)
The weights and distances should be aceurately determined. The weights and (¢ locations of doped
fabric and trailing edge material are sometimes underestimated with a resulting serious unbalance
condition, and a larger value of K/I. 1In addition changes in service may tend to increase the
unbalance. Referring to figure 42, the product of inertia of the item of weight, w, is equal to wxy.
The product of inertia, K, of the complete surface is the sum of the individual products of inertia
of each part. Hence, K=wzy. The weights should be expressed in pounds and the distance in
inches. K is then in lbs.-inches®.

d. The moment of inertia (I, ,) of the control surface about its hinge axis may be computed
from the data found for computing K (in paragraph c, above). [ for a small part of the weight, w,
is equal to w2®, when z is the perpendicular distance from its C'¢' to the hinge axis. Hence f,_, is
equal to the sum of the individual moments of inertia of each part and is equal to Zws®. The weight
should be in pounds and the distance in inches, so that Z,_, will be in lbs.-inches®. = It should be
noted that the correct value of I,_, will only be obtained, if the weight items are broken down into a
sufficient number of small parts, especially in the chordwise direction. This is particularly important
for such items as fabric covering and tape, dope, metal skin, trailing edge tabs, tab operating mecha-
nism, etc., unless the moment of inertis is first obtained about a parallel axis through the C'G of the
larger concentrated weight, w, and then transferred to the hinge axis; i. e., £, ,—~I;+wd* where 4
is the perpendicular distance m inches between the CG and the hinge axis.

ki |
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%X'—T‘_— X, c.g. af W
|
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e. The dynamic balance coefficient is then equal to K/J for the X and ¥ axes assumed.

7. It-is sometimes found necessary to caleulate the product of inertia (X} with respect to
one set of axes (X, and ¥,) given the product of inertia (K} with respect to another set of axes
{X; and Y1) Iying in the same plane. Referring to the figure:

K2 == Kl + BaY EI}V+ yo-rIIV_I_ %%W

Where W=Total weight in lbs. and 2, and 1, are the coordinates (in inches) of the
" '@ with reference to the X; and Y, axes respectively, and , and y, are the distances (in
imches) between the X axes and Y axes respectively.

It should be pointed out that in the case of statically balanced control surfaces {zero
unbalance}, the product of inertia (K) is independent of the true location of the axis of
oscillation (X) but not of its direction.
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TABLE XXI.—Mass Balance Computations
MODELY __ oo eee e AURVACE: ___ .. ... BATE! e e =
- ; i
: Dist. from Moment =wr Digt, from K=wzy :
Item | Part | Welght | “hinge @ | Iey=ws | oseiliation | __ !
No. )ﬁ‘;‘ ! Trescription z M i ) ! axis=y
! — i T —_
i Tbs. inches inch-lbs, ' inch-lhs. ' lb.-ips.? in. +
) 6} (2} 3) 4) (3 [} [\ (8) )]
1
2
| ete. |
! ) |
. _ o
Totaly z —z +3Z = —Z +z
Static nnoalance=Algebraic sum of E {Col, 4 and = (Col. 5) =
&1, = 2T 0k IOl §
e =(Col. 8) =

Product of wnertia with respect to two azes that are not mutually perpendicular.—This case might
oceur for some wing bending versus aileron mode of vibration, with, for example, the relations
shown in figure 43. As shown in ACIC No. 711, the product of inertia for the inclined axes (0-O
and Y-Y) can be obtained from the perpendicular axes (X-X and ¥-¥) value by the use of the fol-
lowing equation:

K,,=K,, sin o—1, , cos ¢ ‘

If ¢ is taken as the angle between the hinge axis and the axis of ogcillation in that quadrant where
the center of gravity of the surface is located, neglecting the inclination of the axes will be con-

servative if ¢ 1s acute;if ¢ is obtuse the result may be unconservative, especially if X is small com-
pared with 1.

Y

X;
1 Gar W

]

s X Y
r
Figure 43.—Inclination of the axis for a typical

Figure 44.—Parallel axes for a typical fuselage-
wing-hending vs, aileron mode of vibration.

hending vs. rudder mode of vibration,
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Product of inertia with respect to two parallel azes and in whose plane the condrol surface OF is
located.—This cdse may be of importance in some of the wing torsion versus aileron and fuselage
bending versus rudder or elevator modes of vibration. Using the same nomenclature as in the
previous cases where Y-Y is the hinge line of the control surface and X-X is the axis of oscillation
of the body as shown in figure 44 which represents a fuselage side bending versus 1uddcr mode of
vibration, then

K., =z, s W+I1,_,

where: z, s the distance between the two parallel axes in inches.
x, is the distance of the C'G of the control surface (including balance weights) from the hinge
line in inches (aft of hinge is positive and forward is negative).
W is the weight of the control surface (including halance weights) in lbs.
I,_, is the moment of ipertia of the control surface (including balance weights) about the
hinge line in lbs.-inches.?

It is thus obvious that to make K equal to zero for this mode of vibration z; must be negative; that
ig, the center of gravity of the control surface must lie forward of the hinge line.

The special case of parallel axes wherein the control surface CG is located outside of the plane of the
axes, may in most cases be resolved into the above pamllel axes case by projecting the X-axis to
the plane through the control surface hinge resulting in a new X’-axis and resolving the O reaction
into components perperdicular and parallel to this plane. This may only be done when it can be
shown that the G of the control surface falls in the new plane through the X’ and ¥-axes which will
be found true for most rudders and elevators. However, for the aileron, as shown in figure 45,
where the hinge axis is usually near the bottom of the surface resulting in the C'¢ being above an
X'-¥ plane, it will be necessary to consider the components of the C@, since an appreciable unbal-
ance may be present even with a statically balanced aileron, for the true oscillation mode involving
rotation about the X-axis.

C.G. OF
SURFACE

bl

X'Axrs/ Y A)qs/

{HNGE LiNE )

UNBALANCE ARM FOR
OSCHLATION ABOUT
X axs

AXIS
/ PARALLEL TO AILERON)
MINGE LINE

Figure 45.—Parallel axes with the control surface CG ontside
the plane of the axes.

04.425 Wing flaps. Flaps shall be go installed as not to induce flutter or appreciable bhuffeting.

In addition to the usual air loads, flaps may be subjected to high local loadings from impact of
water when the airplane is operated from wet ficlds, or when used on scaplanes. This is particu-
larly true of low-wing installations.

Ground clearance of the flaps should be considered in the 1n1t19,1 desagn stages, 12 inches being
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a reasonable minimum. Since flap travel may be varied before final approval in order to secure the
desired flight-path, trim, or Janding characteristics, the maximum expected travel should be used
when determining clearance.

04.426 Tabs. The installation of trim and bhalancing tabs shall be such as to prevent the development of
any free motion of the tab. When trailing edge tabs are used o assist in moving the main surface (balancing tabs),
the areas and relative mmovements shall be so proportioned that the main surface is not overbalanced at any time.

Minimum deflections and play are of first importance in the installation of these surfaces.
Strength of the surface and anchorage should be sutlicient to prevent damage or misalignment from
handling. This is particularly true of thin sheet tabs which are set by bending to the proper
position. See also “Balance’” discusgion pages 102 to 106.

04.43 DETAIL DESIGN OF CONTROL SYSTEMS.

1. General.—The movements of horns, cables and other components with respect to each other
should be such that there is no excessive change in system tension throughout the range. Adjust-
able stabilizer-elevator combinations, in particular, should be checked for this condition. FPulley
guards should be close fitting to prevent jamming from slack cables since wide temperature varia-
tions will cause rigging loads to vary appreciably. The design of the pulley brackets should be
such that the pulley lies in the plane determined by the cable. Allowable tolerances in manufac-
turing should not permit the cable to rub against the pulley flanges.

2. Travel—The travel of the primary control elements is generally dependent on the size of
the aircraft. Stick travel at the grip may vary from 18" x 18" total to much smaller values for
light aircraft. Angular travel of the control wheel from ncutral may vary correspondingly from
270° to 90°. A usual value of pedal travel is 6’ total. There is a trend toward adjustment for
variations in stature of the pilot, either in the seat or at the controls.

3. Pogitioning.—In the layout and positioning of a control consideration should be given to its
relative importance and to its convenicut placement for the usual sequence of operations. Thus
for landing, it is desirable that throttle, propeller pitch control, flap control, and brakes be operable
without changing hands on the wheel or stick, Likewise secondary controls such as fucl valves,
extinguishers, and flares should be so located that the possibility of accidental or mistaken operation
15 remote.

4, Centering characteristics—A point sometimes overlooked is the effect of the weight of a
control member or of a pilot’s arm or leg-on the centering characteristics of the control. For in-
stance, resting the hand on a stick grip in which the fore and aft axis is not directly below the grip
will tend to apply aileron. Likewise rudder pedals on which the whole foot is rested and which
have their hinge line below the pedal will tend to move away from center.

5. Cables.—Control cables should be of the 619 or 73X 19 extra flexible type, except that
67 or 77 flexible cable is acceptable in the ¥,-inch diameter size and smaller provided that
particular care is taken to prevent wear. Cable smaller than ¥-inch diameter should not be used
In primary control systems, except that smaller sizes may be used for tab control systems where,
in the event of cable failure, it is demonstrated that the airplane can be safely controlled in flight
and landing operations. (See the following paragraph 7 regarding the use of fairleads.) For
properties of control cable see Table 4-14 of ANC-5 and for cable terminal efficiencies sec 4.530
of the same publication. End splices should be made by an approved tuck method such as that
of the Army and Navy, except that standard wrapped and soldered splices are acceptable for cable
less than %, inch in diameter. Approved swaged-iype terminals are also acceptable. It should
be remembered that cable sizes are governed by considerations of control system deflection as well
as by strength requirements, particularly when long cables are used.

6. Spring type connecting links for chaing have been found to be not entirely satisfactory in
service, It is advisable that a more reliable means, such as pecning or cotter pins, be employed.

7. Fairleads should be used to prevent cables, chains and links from chafing or slapping against
parts of the aireraft, but should not be used to replace pulleys as a direction-changing means.
However, where the cable load is amall, and the location is open to easy visual inspection, direction
changes (through fairleads) not exceeding 3° are satisfactory in primary control systems ereept
when ¥;-1nch diameter cable 3s used. A somewhat greater value may be used in secondary control
systems.  Because of its corrosive action on cables, rawhide should not be used for fairleads or
chafing strips.

8. When using cxtreme values of differential motion in the aileron eontrol gystem or a high
degree of serodynamic balance of the ailerons, the friction in the system must be kept low, other-
wise the ailerons will not return to neutral and the lateral stability characteristics will be adversely
affected. 'This is particularly true when the ailerons are depressed as part of a flap system, in which
case there may even be deflinite overbalance effects,
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9. Adjustable stabilizer controls should be free from “creeping” tendencies. When adjust-
ment is secured by means of a serew or worm, the lead angle should not exeeed 4° unless additional
friction, a detent, or equivalent means is used. In general, some form of irreversible meechanism
ghould be incorporated in the system, particularly if the stabilizer is hinged near the trailing edge.

10. Dual control systems should be checked for the effects of oppesite loads on the wheel
or stick. 'This may be critical for some members such as aileron hell erank mountings in an “open’”’
system, i. e., no return except through the balance cable between the ailerons. In addition, the
deflections resulting from this long load path may slack off the direct connection sufficiently to
cause jamnming of cables or chains unless smooth close-fitting guards and fairleads are used.

When dual eontrols are provided in aireraft to be used either for primary or advanced instruc-
tion, at least those controls necessary for normal safe operation, as for example, ignition switches,
fuel valves, mixture and carburetor temperature controls, propeller pitch controls, ete., should
be accessible from either control seat. (See CAR 20.81.) If the applicant wishes to provide for
the carrying of a passenger in a control position, this may only be done if the controls are com-
pletely removable and are removed. Where a set of controls is removable, all controls, switches,
valves, ete. must be accessible to the pilot at the permanent control. By removable controls is
meant the removal of the control column or use of a throw-over type wheel or its equvalent, and the
removal, disconneetion or boxing-in of the dual rudder and brake pedals as to prevent possibility
of interference by the passengers.

When dual controls are provided and all flight and power-plant controls cannot be normally
operated from either seat, a placard should be installed similar to the following: o be
flown selo from ____ . _____ seat only.

11. Tt is essential that control systems, when subjected to proof and operation tests, indicate
no signs of excessive deflection or permanent set. In order to insure that the surfaces to which the
control system attaches will retain their eflectiveness in flight, the deflection in the system should
be restricted to a reasonable limit. As a guide for conventional control systems, the average angular
deflection of the surface, when both the control system and surface are subjccted to limit loads
ag computed for the maneuvering condition negleeting the mimimum limit control foree but -
cluding tab effects, should not excced approximately one-hali of the angular throw from neutral
to the extreme position.

12. Tt is essential that when a nose wheel steering system is interconnected with the flight
controls care be taken to prevent excessive loads from the nose wheel oversiressing thie flight
control system. This objective may be attained by springs, a weak link, or equivalent means
incorporated in the nose wheel portion of the control system.

13. Power boost controls.—Such controls should exhibit control force versus surface deflection
curves which are smooth and free from discontinuities. (See also 04.75420.) Consideration should
be given in the design and in test to the effects of the temperature variation to he expected in oper-
ation, in order to avoid the possiblility of jamming or excessive lag. Small changes in valve ad-
justments or other settings should not result in marked changes in operating or control
characteristics,

14. Installation of turnbuckics.—Fork ends of turnbuckles should not be attached directly to
control surface horns or to bellerank arms unless a positive means (such as the use of shackles,
universal joints, ete.} is used to prevent binding of turnbuckles relative to the horns or bellerank
arms which may be caused by excessive tightening of the attaching bolts, or unless it can be shown
that the turnbuckles have adequate strength assuming one end fixed and the design cable loads
pulling off the other end at 5° to the turnbuckle axis. Care should be taken to insure that there
1s no interference between the horns or bellerank arms and the fork ends of turnbuckles, through-
out the range of motion of the control surfaces.

Turnbuckle strength (AN std.) Type of wrap D‘;ngert:r Material {(annealed condition)
SO0 . Single. oo el 0.040 | Capper, brass, galv. steel t
1,600 e ___| Bingle ... _(4fy j Copper, brass, galv. steel 1
SI00. el e maenn Double.__. . e e 040 | Btainless steel,

- (40} Copper, brass, galv. steel,l

072 | Copper, brass, galv. steel.l
B R .05t | Copper, brass, galv. steel.l
Touble. . e .40 | Btainless stecl

1 Galvanized or tinned soft iron or tinned steel wires are nlso aceeptable,
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15. Safetying of furnbuckles—All turnbuckles should be safetied with wire as indicated below.
After safetying the turnbuckle, no more than three threads should be exposed, and the ends of
each safety wire should be securely fastened by at least four wraps.

SINGLE WRAP

=]
i
i

1]

Nores: 1. Wire 1 is passed through the turnbnckle hole as shown, the two wire ends are passed through the right
and left hand ends of the turnbuckle and arc then bent back along the barrel of the turnbuckle.
2, Wire 2 is installed and wrapped (these wraps arc next to the ends of the turnbuckle).
3. The two loose ends of wire I are then wrapped.

04.430 Installation. All control systems and operating devices shall be so designed and installed as to
provide reasonable ease of aperation by the crew and so as to preclude the probability of inadvertent operation,
jamming, chafing, interference by eargo, passengers or loose objects, and the slapping of eables against parts of the
airplane. All pulleys shall be provided with satisfactory guards.

Where water rudder controls are used, they should be so arranged to preclude possibility of
the rudder jamming due to being damaged during taxiing or take-off or of freezing immediately
after take-off in cold weather and thus interforing with the air controls. An acceptable preventive
is a spring incorporated in the system between the water rudder and air controls which will permit
some operation of the air rudder even though the water rudder may be fixed due to any accidental
cause,

04.431 Stops. All control systems shall be provided with stops which positively limit the range of motion
of the control surfaces. Stops shall be capable of withstanding the loads corresponding to the design conditions
for the control system.

The stops in the control system should be located as close to each movable surface as is pracii-
cable to prevent changes in control system flexibility from affecting the ranges of travel, and to
prevent interferences hetween the control surfaces under normal flight and ground operating
conditions.

The degree of rigidity in a control system and interference of operating units may make it
desirable to mcorporate additional stops near the operating force. However, in such cases it should
be demonstrated that these additional stops in no way prevent the attainment of the satisfactory
movements under the conditions meutioned above,

Since the range of movement of the control surfaces is highly important for the safe operation
of the aireraft, the stops controlliag the movemenis should be preferably non-adjustable after the
final approved movements are established. In lieu of non-adjustable stops, however, it will be
acceptable if the manufacturer installs ndequate warning against change of the adjustment without
check against approved limits in o suitable placard installed adjacent to the adjustable stops.

04.432 Joints. Bolts with castellated nuts safetied with eotter pins or with an approved type of self-locking
nut ghall be used throughout the control system, except that the use of ¢levis pins in standard eable ends, thimbles
and shackles is satisfactory for light airplanes.

Bolis, straight pins, taper pins, studs, and ether fastening means should be secured with
ilpproved locking devices. (See page 88). Rivets should not be subjected to appreciable tension
oads.

The assembly of universal and ball and socket joints should be insured by positive locking
means, rather than by springs. In addition the angular travel of such joints should be limited by
s}\{stem stops rather than by accidental interferences which may induce extremely high stresses in
the joints.

Woodruff keys should not be used in tubing unless provision is made against the key dropping
through an oversize or worn seat.
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04.433 Welds. Welds shall not be employed in control systems to carry tension without reinforcement
from rivets or bolts.

04.434 Flap controls. The flap-operating mechanisin shall be such as to provent sudden, inadvertent, or
gutomatic opening of the flap at speeds above the design speed for the extended flap conditions. The time required
to fully extend or retract flaps shall not be less than 15 seconds, unless it can be demonstrated to the satisfaction of
the Administrator that the operation of the flaps in a lesser time does not result in unsatisfactory flight character-
istitcs.11 Means shall be provided to retain flaps in their fully retracted position and to indicate such pesition to
the pilot.

Undesirable flight characteristics, such as loss of lift and consequent settling, may result from
too rapid operation of flaps which give appreciable lift, If flap retraction or extension time is less
than 15 seconds, the behavior of the airplane must be such that during such operation of the flaps,
the aircraft shall be easily and satisfactorily controllable with one hand. When the prime funetion
of the flap iz to act as a brake, however, slow operation is not so important. ¥When more than one
flap is installed, the control and means of interconnection should be such as to msure that the flaps
function simulteneously, unless it can be demopstrated that no excessive rolling tendencies cxist
in the event of uneven operation or sudden partial failure.

04.434-T Tlap confrols. For transport-category airplanes, the flap control shall provide means for bringing
the flaps from any position within the operating range to any one of three positions, designated hereinafter as land-
ing, approaeh, and take-off positions, or to the fully retracted pogition, by placing the primary flap control in a single
setting marked as corresponding to each such flap position, the flaps thereupon moving directly to the desired
position without requiring further attention. If any extension of the flaps beyond the landing position is possible,
the flap control shall be clearly marked to identify such range of extension. )

The landing position, approach position, and take-off position, or any of them, may be made variable with
altitude or weight by means of & secondary flap control provided for that purpose. Suech a secondary control, if
provided, shall operate independently of the primary control and in such manner that when it has been adjusted
(for the effect of weight or altitude), the necesaary flap position can thereafter be obtained by placing the primary
flap control in the desired position. The seecondary control shall be so designed and marked as to be readily oper-
gble by the crew. -

The rate of flap retraction shall be such as to permit compliance with § 04.7540-T.

The ability of the airplane to comply with the maximum stalling speeds of 04.7530~T and the
minimum rates of climb required by 04.7531-T depend eritically upon specific flap positions.
The operating rules for transport category airplanes contained in CAR 61.712 specify a maximum
take-off weight such that with the ““ take-off”” flap setting it iz barely possible in the event of engine
failure either to stop within the length of the runway or procecd on the remaining engine(s) and
attain a height of 50 feet at the end of the runway. A lesser flap setting would improve the ability
of the airplane to climb and therefore to reach the 50 ft. altitude, but would lessen its ability to
stop within the field. A greater setting would improve the ability to stop but lessen the ability
to elimb to 50 feet. Similarly, the operating rules in effect specify a maximum landing weight such
that with an “approach” and a “landing” flap setting, it is possible safely to execute an approach
and landing, or, if necessary, to interrupt the landing process and “go around’’ for another attempt.
Lesser flap settings would improve the ability of the airplane to “go around” but would require
more distance to land and conversely for greater flap settings. Also, at some point during the
complete process it is necessary to change from the “approach” to the “landing” fap setting, or
from one or the other of these to “retracted” sctting; 1. e., it may be necessary that the crew select
and obtain a precise flap setting under operating conditions such that the crew can devote a mini-
mum of attention to the process or during an emergency, and, further, the safety of the operation
demands that it be done surely.

It may also be noted that the maximum stalling speeds are specified as true indicated air-
speeds and are, therefore, independent of altitude, while, at a given flap setting and weight, the
rate of climb available ordinarily decreases with altitude. This suggests the possibility, where
operation of the airplane at airporis haviog various altitudes is eontemplated, that optimum econ-
ditions in respect of carrying the maximum weight permiited by the stalling speed and rates of
climb requirements would be obtained if the flap positions corresponding with the required flap
control settings were made variable with altitude (i, e., the flap extension corresponding with a
given control setting should decrease with increasing altitude of the field).

The purpose of this requirement is to specily o flap control which will permit the accomplish-
ment of the use of the flap deseribed above with the minimum of attention on the part of the pilot
and co-pilot. While it is not required that it be possible to stop the flap at any point between
the positions corresponding with any adjacent pair of the required control settings, which would
provide more flexibility i the use of the flap than otherwise, nevertheless this is considered deairable
unless the provisions necessary to accomplish this impair the reliability of the control mechanism
to produce the flap positions corresponding with the required scttings. There appears also to be
ne objection to providing for extension of the flaps beyond the position corresponding with, the
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“landing’’ control setting provided the control clearly indicates it to be bevond this setting and so
provides warning to the crew that the mimmum rate of climb is not available. It should be also
noted that 04.7533-T permits the use of such flap position in the determination of the landing
distance.

04.435 Tab conirols. Tab controls shall be irreversible and nonflexible, unless the tab is statically balanced
about its hinge line. Proper precautions shall be taken against the possibility of inadvertent or abrupt tab opera-
tion and operation in the wrong direction. o

In addition to the air loads, consideration should be given in the design to the lapping effect
of dust and grease on fine threads, deflections of the tab due to the small effective arm of the horn
or equivalent member, and vibration common to the trailing edge portion of most movable surfaces.

; EIt. isba.dvisable to avoid a tab control with small travel because of the resulting abrupt action
of the tab.

04.4350 When adjustable elevator tabs are used for the purpose of trimming the airplane, a tab position
indicator shall be installed and means shall he provided for indicating to the pilot a range of adjustment suitable
for safe take-off and the directions of motion of the control for nose-up and nose-down motions of the airplane,

04,436 Spring devices. The use of springs in the control system either as a return mechanism or as an
auxiliary mechanism for assisting the pilot (bungee deviee) is prohibited except under the following conditions:
(a) The airplane shall be satigfactorily maneuverable and contrellable and free from flutter under all conditions
with and without the vse of the spring device. (b} In all cases the spring mechanizm shall be of a type and design
satisfactory to the Administrator. (¢) Rubhber cord shall not be used for this purpose.

04.437 Single-cable controls. Single-cable controls are prohibited exeept in special cases in which their use
can be proved to Le satisfactory.

Single cable conirols refer to those systerns which do not have a positive return for the surface
or device being controlled. Rudder control systems without a balance cable at the padals are con-
sidered satisfactory if some mcang such as a spring is used to maintain cable tension and to hold
the pedals in the proper position. It should be noted that it is not the intent of the specified require-
ment to require a duplication of cables performing the same function.

04.438 Control system locks. When a device is provided for locking a control surface while the aireraft is
on the ground or water, compliance with the following requirements shall be shown, (g) The loeking device shall
be so installed as to positively prevent taxiing the aireraft faster than 20 miles per hour, either intentionally or in-
advertently, while the loek is engaged, (b)) Means shall be provided to preclude the possibility of the lock becoming
engaged during flights.

04.439-T Trim eonirols. For transport category airplancs, the trimming devices shall be capable of eontinued
normsl gperation in spite of the failure of any one connecting or transmitting element in the primary control system.
Trim controls shall operate in the plane and with the sense of the motion of the airplane which their operation is
intended to produce.

The first sentence of this provision requires trim controls so designed that, in the event of
failure of the corresponding primary control, the trim control will still continue to perform its nor-
mal function. This is considered a reasonable safety precaution because, in the event of primary
control failure but with a trim control capable of continued operation, it may be possible, by means
of the trim and powerplant controls, to land safely; whereas, if the trim control is also inopcerative
a safe landing would be very difficult to make and could be catastrophic particularly in the case of
{ailure of the elevator control.

The second sentence in itz effect requires standardization of the trimming controls for all
transport category airplanes. This is required in an effort to avoid the possibility of improper
operation, particularly during emergencies, or the shifting of crews from one type airplane to
another, and to relieve the load upon the attention of the flight crew which the operation of an
airplane of that type requires, by providing trim controls uniform in their operation. This is
considered warranted in view of the present much greater dependence which is placed upon the
trimmming devices than when they were first generally introduced into airplane design.

The motion of the airplane to which the text of the requirement refers is a rotary motion;
i. e., the motion involved in longitudinal or ““elevator tab'’ trimming is a rotation about the lateral
axis of the airplane and the plane of this motion is the plane of symmetry or a plane paralle! to it.
The sense of the motions is, therefore, a direction of rotation which the regulation requires to be
the same as that of the airplane. Practically, the section requires that each trim control handle
be cither a wheel or a crank completely exposed and that it be located and operated as follows:

a. The longitudinal or “clevator” trim control must be so located as to rotate about a
lateral axis and must rotate clockwise when viewed from the left to produce “nose up” trim, or
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to reduce the speed or to reduce the primary control force required to maintain a speed lower than
the trimmed speed.
b. The lateral or “aileron’ trim control must be so lovated as to rotate ahout a longitudinal
gr “fore and aft’” axis and must rotate clockwise when viewed from aft to lower the right or star-
oard wing.
¢. The directional or “rudder” trim control must be so located as to rotate about a normal
or ‘‘vertical’” axis and must rotate clockwise when viewed from above to change heading to the
right.
It should be noted that 04.435 and 04.4350 also apply to the transport category and that,
therefore, the installation of an elevator tab position indicator is required. Position indicators
are recommended for all trimming tabs or for any other element actuated by the trimming device,

(4.44 DETAIL DESIGN OF LANDING GEAR.

The wheel travel should be ample for the service and requirements involved. The geometric
arrangement of members n the landing gear should Le such that the wheel travel in the direction
of the resultant external force will be adequate. LExuremely high heat treats, particularly when
combined with thin scctions, are usually sources of trouble in service. An ultimate strength of
180,000 pounds per square inch mayv be regarded as a usual upper limit, except in special cases.
To prevent binding and scoring in shock absorpers it is desirable to keep bending deflections, and
bearing stresses at pistons, packing glands, and bearings, at low values.

In genecral the purpose of unconventional gear is to facilitate landing under unfavorable
conditions. In order fo realize this purpose it is advisable that the energy absorption capacity
be in excess of that needed for conventional gear.

04.440 Shock absorption. All landing gear (including tail gear installations) shall be provided with shoek-
absorbing systems which will permit the airplane to be landed under the conditions specified in § 04.2411 and
§ 04,2420 without excecding the ultimate load uged in the analvsis of any landing gear member. (See § 04,340 for
proof of absorption capacity.) If the design of the shock-absorbing system is such that the above method of speci-
fying the required energy absorption capaecity appears to give irrational results, an alternate method will be con-
sidered upon presentation of pertinent data.

In order to obtain adequate energy absorption without exceeding the specified load factors
it is essential to provide sufficient wheel travel. Neglecting the effect of tire and structural deflec-
tion, it may be shown that:

t= R
nn-—1 )
Where {=component of wheel travel in the direction of the resultant external force.
h=specified height of drop,
n=Ilcad factor, and
n=absorber efficiency.

Thus when a certazin height of drop A must be met without exceeding a load factor n, the recom-
mended minimum wheel travel for any absorber efficiency may be computed. While absorber
efficiencics as high as 0.85 have been developed, it should be noted that such shock absorbers
tend to give bouncing and undesirable taxiing characteristics. This may be obviated by ample
travel in combination with an absorber which does not develop high loads mn the first part of travel
but rather “builds-up” gradually to a peak load only when near the fully deflected position. In
such cases, an efficiency of 0.60 to (.70 may be expected. The effect of the tire in altering the above
relationship will in general not be large because, while it provides additional energy absorption,
its deflection increases the energy to be dissipated. Structural deflections, while not usually of
importance, may in some cases appreciably reduce load factors.

04.441 Shock-absorbing systems. The shoek-absorbing systems employed shall incorporate suitable means
for abzorbing the shocks developed in taxiing or running over rough ground.

04.442 Wheels. DMain landing gear wheels shall be of a type or model certificated by the Administrator in
accordance with the provisions of TPart 15 and shall not be subjeeted to static loads in excess of those for which
they are certificated. Tail wheels may be of any type or model and are not certificated. Nose wheels are subject
to special rulings to be made by the Administrator.

04.4420 For the purpese of these regulations main landing gear wheels are considered as those nearest the
airplane center of gravity with respect to fore-and-aft location,

04.4421 For the purpose of these regulations a tail wheel is considered as one whieh supports the tail of a
conventional airplanc in the three-point landing attitude. A nose wheel is considered to be a wheel supporting
the nose of the airplane when the two main wheels are {ocated behind the eenter of gravity.
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04.443 Tires. A landing gear wheel may be equipped with any make or type of tire, provided that the tire
is 2 proper fit on the rim of the wheel and provided that the tire rating of the Airplane Tire Committee of the Tire
and Rim Association is not exceeded.

A wheel appended to a previously approved tail skid installation will not be classed as a
“landing gear wheel.” See “ Minor Changes,” page 11 for an acceptable procedure of use in making
such a change, '

04,4430 When specially eonstrueted tires are used to support an airplane, the wheels ghall be plainly and
conspicuously marked to that effect.  Such markings shall include the make, size, number of plies and identification
marking of the proper tire.

04.444 Retracting mechanism. When retractable landing wheels are used visual means shall be provided
for indieating to the pilot, at all times, the position of the wheels. Separate indicators for each wheel are required
when each wheel is separately operated unless a single indieator is chviousty satisfactory. In addition, landplanes
shall be provided with an aural or equally effective indicator which shall funetion eontinuously after the throttle
is closed until the gear is down and lacked.

The requirement of a visual position indicating means may usually be met by mechanically
or clectrcally operated indicators. When windows or other openings are so placed that 1t 1s
possible for the pilot to note direetly the position of the wheels, a separate visual indicator is not
required. In such cases, however, it is essential that illumination be provided for night opera-
tion. When it is necesgary for latches to operate before the gear will carry landing loads, lights
or other means should be used to indicate completion of this operation. In the case of amphib-
ians the above requirement regarding aural indicators does not apply. With this type of air-
plane it is usually more Important to guard against the possibilty of alighting on the water with
the wheels down.

In the design of retracting systems, the source of most service troubles Hes in such items as
latches (particularly if spring loaded), limit switches, valves, cable installations, universal joints,
and Indicating systems. The effects of mud, water, ice, and extreme temperature variations
should be studied.

In manuslly operated systems it is desirable that the crank or lever forces not exceed 15 to
20 pounds. Further, about sixty 12 inch strokes per minutle is g practical maximum. Hence
the total work imput for operation varies with the time. To keep this at a reasonably low value,
it is therefore important that losses be kept small. With larger and heavier gear the use of a
bungce may be necessary.

04.4440 A positive lock shall be provided for the wheels in the extended position, unless a rugged irreversible
mechanism is uzed.

The usual reduction ratios of serew and nut, and of worm and worm wheel combinations,
are considered to provide irreversibility. Detents or other means should be provided however
if there is appreciable creeping. Some types of swinging arms which move slightly past dead
center to a position against a stop are also acceptable, but the effect of bouncing on landing should
be considered. Consideration should be given to providing a lock or other device that requires
a positive manual effort being made to retract the landing gear.

04.4441 Manual operation of retractable landing gears shall be provided for,

04.445-T Brakes., Tranzport category airplanes shall he equipped with brakes certificated in accordance
with the provisions of Part 15 for the maximum certificated landing weight at sea level and the power-off stalling
speed, V,  as defined in § 04.7511-T. The brake system for sueh airplanes shall be so designed and constructed

that in the event of a single failure in any connecting or transmitting element in the brake system, or the loss of
any single source of hydraulic or other brake operating cnergy supply, it shall be possible, as shown by suitable
test or other data, to bring the airplane to rest under the eonditions speeified in § 04.7533-T with a mean negative
ageeleration during the landing roll of at least 50 percent of that obtained in determining the landing distance
under that section.

This requirement is based upon the fact that compliance with the operating rules of CAR .
61.712 will require great dependence upon the presence and proper functioning of brakes unless
the runways involved are unusually long,

The nature and extent of the “test or other data” required to show complisnce with this
requirement will necessarily depend upon a great many things such as, for example, the general
arrangement of the landing gear, the design of the brake system, the extent to which the capacity
of the hrakes is used in establishing the landing distance required by 04.7533-T, the amount of
available performance data for the brakes, ete. The simplest possible procedure would appear
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to be to determine the average deceleration during a landing ground roll using no brakes and
then to establish the landing distance required by 04.7533-T by using the brakes to the extent
necessary to double the mean deceleration so established. It appears likely, however, that this
procedure would result in exeessive landing distance and might seriously limit the use of the air-
plane in scheduled operation.

If it is desired by the applicant to make the maximum possible use of the brakes in establishing
the landing distance, and if also the contribution of the brakes to the total dececleration is relatively
large, it will be necessary so to design the brake system as to permit the application of slightly
less than half the braking deceleration so developed under the conditions specified in this section.
The Hollowing dual system is rccommended: dual wheel elements (drums or dise units), trans-
mitting elements, power sources, master cylinders, ete., connected to a single pedal on each rudder
pedal, such that the failure of any single one of these would leave half the total braking capacity
symmetrically disposed aboui the plane of symmetry of the airplane. With such a system 16
should be possible to show compliance with this section by means of caleulation based upon the
test data necessary to establish the landing distance plus those obtained as a part of the certifica-
tion process for the brake (Sce CAR 15.104).

If the system be so designed that under the conditions here specified appreciably less than
half the total braking capacity remains or if the remaining capacity be asymmetrically disposed,
it will almost certainly require tests to determine that hal{ the mean deceleration may in fact be
developed and/or that the airplane may be safely controlled directionally while doing so.

04.45 HULLS AND FLOATS., (See also § 04,46)

General praetice in the design and construction of floats and hulls is well established. Rivet
spacing for watertight joints is substantially closer than required for structural strength. The
same applies to spacing of spot welds. Drain holes should be positioned at stringers, transverse
frames, and other members so that water will drain to the low point without being trapped in
pockets at inaccessible points. Adequate inspection openings should be provided. When the
bottom is curved in trensverse section there may be high loads acting inward at the chine between
frames due to the tension in the bottom plating. .

Due to the severe nature of the loads imposed by water operation, consideration should be

iven to the effect of sharp impacts and racking loads. Particular attention should be paid to
ttings, and, in twin float seaplanes, to trusses and members carrying unsymmetrical loads. :

04.450 Buovancy (main seaplane floats}). Main seaplane floats shall have a buovancy in excess of that
required to support the gross weight of the airplane in fresh water as follows: (e} 80 percent in the case of single
floats; (b) 90 percent in the case of double floats.

1t should be noted that Canadian reguirements specify that twin-float seaplanes shall have
at least 100 percent reserve buoyancy in the floats.

04,4500 Main seaplane floats for use on aircraft of 2,500 pounds or more maximum authorized weight shall
contain af least five watertight compartments of approximately equal volume, Main seaplane floats for use on
aircraft of less than 2,500 pounds maximurn authorized weight shall contain at least four such compartments,

04.451 Buoyancy (boat seaplanes). The hulls of boat seaplanes and amphibians shall be divided into water-
tight compartments in accordance with the following requirements: (a) In aireraft of 5,000 pounds maximum
authorized weight or more the compartments shall be so arranged that, with any two adjacent compartments
flooded, the hull and auxiliary floats {and tires, if used) will retain sufficient buoyancy to support the gross weight
of the aircraft in fresh water; (b) in aireraft of 1,500 to 5,000 pounds maximum authorized weight the compartments
shall be so arranged that, with any one compartment flooded, the hull and auxiliary floats (and tires, if used) will
retain sufficient buoyancy to support the maximum authorized weight of the aireraft in fresh water; (¢) in aircraft
of less than 1,500 pounds maximum authorized weight watertight subdivision of the hull is not required; (d) bulk-
heads may have watertight doors for the purpose of communication betwedn compartments,

Any of the methods common to naval architecture may be used to demonsirate compliance
with buoyancy requirements. Bulkheads should be watertight at least 18 inches above the water-
line being considered. Acceptable substitutes for watertight doors in bulkheads are sills or sections
which may be slid or set into place. These should likewise extend at least 18 inches above the
waterline considered, and should be quickly installable. Bulkheads should possess ample strength
to withstand hydrostatic loads with some reserve for surges. Cables in the hull should not be
carried below the waterline due to the impracticability of sealing at watertight bulkheads. Water-
tight closed compartments should be vented to a point well above the waterline and consideration
should be given to air pressure variation at the venting point,

04,452 Water stability. Auxiliary floats shall be so arranged that when completely submerged in fresh water,
they will provide a righting moment whieh is at least 1.5 times the upsetting moment eaused by the aircraft heing

.
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tilted. A greater degree of stability may be required in the cage of large fying boats, depending on the height of the
center of gravity sbove the water level, the area and location of wings and tail surfaces, and other considerations.

The methods employed in naval architecture may be used to demonstrate compliance with
the stability requirements. In some cases this compliance has been shown by asymmetric loading
of the aircraft on the water. Computations are acceptable but with certain types of seaplanes,
such as those incorporating seawings, the use of metacentric height as a criterion beeomes meaning-
less due to variation with list and loading. KRecourse must then be made to methods such as
Boenjean curves or the homogenous mass method to demonstrate the existence of adequate righting
momments. For a further discussion of methods see texts such as “The Naval Construetion”
by Simpson, “Theoretical Naval Architecture’” by Attwood, and “Engineering Aerodynamics”
by Diehl. Note that the Canadian requirements for twin float seaplanes specily that the mota-
centric height shall not be less than the following values:

Transverse metacentric height=47 it, and
Longitudinal metacentric height==6~7p) {t, where
D=total displacement of the seaplane in cubic feet.

04,453 Float design. In designing the bow portion of floats and hulls suitable provision shall be made for
the effects of striking floating objects.

04.46 FUSELAGE AND CABINS.

04.460 Provision for turn-over. The fuselage and eabins shall be designed to protect the passengers and
erew in the event of a coraplete turn-over and adequate provision shall be made to pertnit egress of passengers and
erew in such event, This requirement may be suitably modified when the possibility of a complete turn-over in
landing ig remote.

04.461 Doors. Closed cabins on all aireraft earrving passengers shall be provided with at least one adequate
and easily accessible external door.

84.4610 No passenger door shall be located in the plane of rotation of an inboard propeller, nor within 5 degrees
thereof as measured from the propeller hub,

04.462 Exits. Closed eabins on aireraft earrying more than 5 persons shall be provided with emergency
exits in addition to the one external door required by § 04.461, consisting of movable windows or panels or of
additional external doors which provide a clear and unohstructed opening, the minimum dimensions of which shall
be sueh that a 19-inch by 26-inch ellipse may be completely inscribed therein, The location and the method of
operation of emergency exits shall be approved by the Administrator. If the pilot is in a compartinent separate
from the cabin, passage throngh such compartment shall not he considered as an emergency exit for the passengers.
The number of emergeney exits required is as follows: (¢} Aireraft with a total seating capacity of more than
5 persons, but not m excess of 15, shall be provided with af least one emergency exit or one suitable door in addition
to the main door specified in § 04.461. This emergency exit, or second door, shall be on the opposite side of the
cabin from the mair door. If desired, an additional emergeney exit may be provided in the top of the cabin,
but such an installation shall not obviate the neeessity for an exit on each side; () aireraft with a seating capacity
of more than 15 persons shall be provided with an additional emergency exit or door either in the top or side of
the ecabin for every additional 7 persons or fraction thereof above 15, exeept that not more than 4 exits, inclu.ling
doors, will be required if the arrangement and dimensions are suitable for the purpose intended.

04,463 Pilot's compartment. The pilot's compartment shall be so constructed as to afford suitable ventilation
and adequate vision to the pilot under normal flving conditions. In cabin aircraft the windows shall be so arranged
that they may be readily cleaned or easily opened in flight to provide forward vision for the pilot. The ventilation
requirements of § 04.467 shall also apply to the pilot’s compartment, '

In providing for adequate vision and movement of controls it is necessary that sufficient
head room, clearance for controls, and space for movement of the hands and feet should be pro-
vided when parachutes are being worn. The above are essential for aircraft designed for acro-
batic use or for demonstration of flying ability in connection with pilot’s flight tests.

If provided, an adjustable pilot’s seat should be equipped with a suitable lock which is readily
operable, positive in action and of such construction that it will neither fail under the maximum
loads, which can be applied by the pilot to any of the controls, nor become disengaged due to
taxiing over rough ground or water.

04.4630 The pilot and the primary econtrol units, excluding cables and control rods, shall be so Iocated with
respect to the propellers that no portion of the pilot or controls lies in the region between the plane of rotation of
any propeller and the surface gencrated by a line passing through the center of the propelier hub and making an
angle of 5 degrees forward or aft of the plane of rotation of the prapeiler.

04.4631 A metal identification plate shall be permanently affized in a visible location in the pilot’s com-
spartinent of each airplane. This plate shall contain the manufacturer’s name, the date of manufacture, the
mabufacturer’s serial number and the model designation. The manufacturer shall specify the fucl capacity of
each fuil tank on the manufacturer’s identification plate, or on or adjacent to the fuel shut-off valves in the pilot’s
compartment.
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04.4632 Means shall be provided by which the opersting personnel i3 suitably informed of all operation
information and limjtations deemed necessary by the Administrator.

Satisfactory means of informing operating personnel of necessary operation limitations and
information are outlined below.

1. Instruments should be marked for airspeed not to be exceeded in glide or dive (red); level
flight or climb (yellow); with flaps extended (green), and the rpm and manifold pressure not to
be exceeded in take-off (red);in climb (yellow); in all other operations (green).

2, Acceptable methods of marking include:

@. Pointers, adjustable on the ground only.

b. Sectors or lines properly marked and outlined on the face of the dial, under the glass.

¢. Lines painted on the glass face of the instrument when @ or § above ig impracticable and
when the glass is adequately secured against rotation. Such lines should be painted over a suitably
etched or scratched lime on the glass itself. This etching or scratching is considered advisable for
more serviceable markings,

3. When counsidered necessary by the CAA, operating information and limitations such as
the following should be displayed on an appropriate placard in full view of operating personnel,
and/or included in a manual, or its equivalent, which must be carried in the pilot’s compartment
and be accessible at all times:

¢. Emergency ceiling and conditions under which it may be obtained.

6. All other information or limitations considered necessary by the CAA properly to inform
operating personnel of the conditions necessary for opersiion in complience with the Civil Air
Regulations. '

04.4633 The windows and windshields of the pilot’s compartment in airplanes certificated for air transporta-
tion serviee shall be so arranged as to provide satisfactory forward vision and proteetion under all conditions and, to
aecomplish this, particular attention shall be paid to the following detail requircments: {a) Sufficient data speci-
fying the windshield material, number of laminations. binder if any, size and shape of panes, angle of panes to fight
path and method and rigidity of mounting, shall be forwarded to the Administrator for rulings as ta the acceptability
of the windshield from the standpoint of strength; (b) Windshields shall be so installed that they can be easily
opened in flight and shall be so arranged that the air stream and snow or rain are deflected across the opening, or to
provide equivalent results; (¢) The pilot’s compartment shall be so constructed and arranged as to prevent glare or
reflections which would interfere with the vision of either pilot, particularly while fiving at night. The aircéraft
will be flown by a representative of the Adminigstrator during hours of darkness to determine compliance with this
provision.

04.4634 The pilot’s compartment in airplanes certificated for air transportation service shall be so constructed
as to prevent any leakage into it when the airplane is flying in rain or snow.

04.4635 When a second pilot is required (§ 61.520), two seats shall be installed side-by-side in the pilot’s
cotnpartient of airplanes certifieated for air transportation service from either of which the airplane shail be fully
and readily controllable. If any difference exists as to convenience of the instruments and controls necessary for
safe Aight such difference shouid favor the left-hand seat. The left-hand seat shall be known as the first pilot’s
seat and the right-hand cone as the second pilot’s seat.

04.4636 The navigation instruments for use by the pilot in airplane certificated for air transportation service
shall be so installed as to be easily visible to him with the minimum practicable deviation from his normal position
and line of vision when he is looking out and forward along the flight path and they shall also be visible to the
second pilot.

04,4637 ATl airplanes certificated for air trausportation serviee shall be provided with a door or an adequate
openable window between the pilot’s compartment and the passengers’ cabin, When a door is provided it shall be
equipped with a locking means which shall prevent passengers from opening such door while in flight.

04,464 Passenger chairs, Seats or chairs for passengers shall be securely fastened in place in both open and
closed airplanes, whether or not the safety belt load is transmitted through the seat. (See Part 15 and § 04.2640
for safety belt requirements.)

04.465 Baggage compariments, FEach baggage and mail compartment shall bear a placard stating the maxi-
mum allowable weight of contents, as detertnined by the struetural strength of the colnpartment (§ 04.265) and by
flight test (§ 04.742). Suitable means shall be provided to prevent the contents of mail and baggage compart-
ments from shifting.

04.466 Reinforcement near propellers. Surfaces near propeller tips shall be suitably stiffened against
vibration and the effects of ice thrown from the propeller. (See § 04.611 for clearance requirements.)

04.467 Passenger comparlments. A suitable ventilation system shall be provided which will preclude the
presence of fuel fumes and dangerous traces of carbon monoxide in each passenger compartiment.
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04.5 EQUIPMENT

04.5¢ GENERAL.

The equipment required shall he dependent upon the type of operation for which certification is to be made,
The requirements specified herein (§ 04.5) shall be the basic equipment requirements and such additional equipment
ag may be speeified in other sections of the Civil Air Regulations for speeific special cases shall be supplemental
hereto unless otherwise specified,

04.500 Each item of cquipment specified in the Civil Air Regulations shall be of a type and design satisfactory
to the Administrator, shall be properly installed and shall function to the satisfaction of the Administrator, [tems
of equipment for which ecertification is required shall have been certificated in accordance with the provisions of
Part 15 or previous regulations.

04.501 An approved life preserver or flotation deviece is one approved by the Administrator for such usage on
sea-going vessels,

04,502 Tire extinguishing apparatus approved by the Underwriters Laboratories is considered to be of an
approved type.

04,51 NON-AIR-CARRIER (NAC) AIRPLANES.
Airplanes which are certificated as non-air earriers shall have at least the following equipment;:

04.510 NAC landplanes—Visual-contact day Aying (within 100 miles of a fixed base):

{a) One air-speed indicator, (Sce § 04,5800 for installation requirerments.)

{b) Omne altimeter.

{c) A tachometer for each cugine.

(d) An oil-pressure gauge when an oil-pressure system is employed.

{e} A water thermometer for cach water-cooled cngine.

{f) An oil thermometer for esch air-cooled engine.

(g0 A manifgld-pressure gauge, or equivalent, for cach altitude engine.

{(hy A fuel quantily gauge. (See § 04.624 tor requirements.)

{7} Certificated safety belis for all passengers and members of the crew. (Sce Part 15 for belt requirements
and § 04,5816 for installation requirements.)

{7} A portable fire extingnisher, which extinguisher shall be of an approved type, which shall have a minimum
capacity, if carbon tetrachloride, of one quart, or, if carbon dixoide, of two pounds, or, if other, of equivalent effec-
tiveness; except that any extinguisher of not less than half the above capacity may he used in an airplane equipped
with an engine whose maximum rating iz 40 horsepower or less, {See § 04,5811 for installation requirements.)

(k) Landing gear position indicator for retractable main landing gear. (Scc § 04.444 for requirements.)

() A device for measuring or indicating the amount of oil in the tanks. (Sec § 04.633 for requirements.)

(m) A first aid kit.

(n) A log-book for the airplane and one for each engine. (See Part 01 for requirements.)

{0) Rigging information for airplanes with wire-braced wings, either in the form of a sketeh or listed dats,
which shall inelude sutficient information to permit proper rigging.

04.511 NAC landplanes—Visual-contact day flying (unlimited distance). Airplanes of this category shall
have the equipment specified in § 04.510 and, in addition, there shall be installed: (a¢) A magnetic compass. (See
§ 04.5803 for installation requirements.)

04.512 NAC landplanes—Visual-contact night flying. Airplanes of this category shall have the equipment
specified in § 04.511 and, in addition, there shall he installed:

(a) A set of certificated standard forward position lights in combination with a certificated tail light. (See
Part 15 for light requirements and § 04.5827 for installation requirements.)

(b) Two electric landing lights if the aireraft is operated for hire: Previded, however, That only one such landing
light shall be required for any airplane certificated for a weight of less than 1,500 pounds. {(See § 04.5825 for installa~
tion requirements.) )

(¢} Certificated landing flares as follows, if the aireraft is operated for hire beyond an area within a cirele
with a radius of 8 miles drawn from the center of the airport of take-off (see Part 15 for flare requirements and
§ 04.5813 for installation requirements):

Airplanes of 3,500 pounds maximum authorized weight or less—5 Class 3 flares or 3 Class 2 flares,

Airplanes of between 8,500 pounds and 5,000 pounds maximum authorized weight—4 Class 2 Aares,
cl Airplanes of 5,000 pounds maximum authorized weight or more—2 Class 1 flares or 3 Class 2 {lares and one

ass 1 flare.

If desired, airplanes of less than 5,000 pounds maximum authorized weight may carry the flare equipment

specified for heavier airplancs.
A storage battery suitable as a source of energy supply for such lights and radio as are installed. (See

§ 04.5821 for installation requirements.)

(¢) Radio cquipment, if the aireraft is operated in a control zone (§ 60.103), as follows: A radio range and
weather broadeast receiver operating within the frequency range of 200 to 400 kiloeycles. Under normal atmospherie
conditions this receiver must be capable of receiving with a range of 100 miles intelligenee emanated from a radio
range or weather broadeast station the equivalent of an SBRA installation.

() A set of spare fuses. (See § 04.5822 for installation requirements,) :

04.513 NAC landplanes—Insirument day flying. Airplanes of this eategory shall have the equipment
specified in § 04.511 and, in addition, there shall be installed:

(@) Radio equipment: Same as § 04.512 (&), whether the ajreraft is operated for hire or not, ang, in addition,

& radio tranemitier operated on 3105 kilocycles with a power output sufficient fo establish commnunicalion at a

117



04614
04.534 AIRFPLANE AIRWORTHINESS

distanee of at least 100 miles under normal atmospheric conditions. Additicnal frequencies may be employed subject
to approval of the Federal Communications Commission.

{(b) A gyroscopic rate-of-turn indieator.

{c) A bank indieator. (Instruments () and (c) may be combined in one instrument if desu‘ed)

{d) A sensitive altimeter which shall be adjustable for changes in barometric pressure and compensated for
changes in temperature.

{e) A clock with a sweep-second hand.

(f) A storage battery suitahle as a source of energy supply for the radio equipment installed. (See § 04.5821
for installation requirements and § 04.5823.)

(¢) A generator.

(k) A set of spare fuses. (See § 04.5822 for installation requirements.)

(z) A rate-of-climb indicator,

04.514 NAC landplanes—Instrument night flying. Airplanes of this category shall have the equipment
specified in §§ 04.512 and 04.513 combined. The storage battery shall be suitable as a souree of energy supply for
both the radio equipment and the lights,

04.515 NAC seaplanes and amphibians. The equipment requ:rements for seaplanes and armphibians shall
be the same as specified for landplanes (§ 04.510 through § 04.514} except that seaplanes and amphibians shall not
be certificated for operation over water out of sight of land unless they have at least the equipment specified in
§ 04.511, and except that all certificated seaplanes and amphibians shall also have an approved life preserver or
flotation device for each person for which there is a scat, and except that all seaplanes and amphibians certificated
for night operation shall also have & white anchor light. (See § 04,5824 for installation requirements.)

04.53 AIR CARRIER AJRPLANES—PASSENGERS (ACP),

Airplanes certificated for use by an air carrier in passenger service shall have insfalled at least the following
equipment:

04.53¢ ACP landplanes—Visual-contact day flying. The same as gpecified in § 04,511 and, in addition,

the following:

{a) An electrieally heated pitot tube, or equivalent, for the air-speed indicator,

(b) Ome additional portable fire extmgu]sher of the type specified in § 04.510 (). (See § 04.5811 for instal-
lation requiremcnts.)

(¢) Fixed fire extinguishing apparatus of an approved type for each engine compartment.

(d) Type certificated radio equipment as specified in Part 40.

() A set of spare fuses. (See § 04.5822 for installation requirements.)

(f) A rate-of-climb indieator.

{g) A storage batterv—Same as § 04.513 ().

(n) A means for providing, without continuous manual operation, vision through the windshield adequate
for exeeuting take-offs and landings in rain,

04.531 ACP landplanes—Visual-contact night flying. The same as specified in § 04.530 and, in addition,
the following:

{a) A set of certificated air-carrier airplane posmon lights. The forward lights may be air-carrier forward
position lights or a combination of standard forward position Tights and a set of auxiliary forward position lights.
{See Part 15 for light requirements and section 04.6827 for ins{allation requirements.}

(b) A starage battery of sufficient capacity for such lights and radio as are installed. (See § 04.5821 for
installation requirements and § 04.5823.)

(¢) Two electric landing lights. (See § 04.5825 for installation requirements.)

(d) Certificated landing flares ag follows: 2 Class 1 flares or 3 Class 2 flares and one Class 1 flare.  (See Part
15 for flare requirements and § 04.5813 for installation requirements.)

(e} Instrument lights. (See § 04.5826 for installation requirements.)

(f) Cabin lights in all passenger cabins and compartments.

(g) A generator. (See § 04.5823 for requirements.)

{(#) Radio equipment same ag § 40.233.

04.532 ACP landplanes—Instrnment day flying. The same as specified in § 04.530 except § 04.510 (b) and,
in addition, the fellowing:

{a) A gyroscopic rate-of-turn indicator combined with a bank indieator.

(b) A gvroscopic instrument showing bank and pitch.

{e) A gyroscopic direction finder,

{d) Two sensitive type altimeterg, both of which shall be adjustable for changes in barometric pressure and
compensated for ehanges in femperatures; Prosided, That aireraft in use on or before January i, 1939, and thereafter
replacements and additions of aireraft of the same make and model may, for purposes of standardization, be deemed
to have met this requirement if there are installed in each sueh aireraft, one sensitive type altimeter and one stand-
a.rd type altimeter provided each is adjustable for changes in barometric pressure, and compensated for changes
in tempera.ture

(e) A free air thermometer of the distance type, with an indicating dial in the cockpit,

((f) A clock with a sweep-second hand,

) A vacuum gauge, installed in the lines leading to instruments (a), (b}, and (¢,
h.} Type certificated radio equipment as speeified in Part 40.

{t) Means shall be provided to indicate icing conditioms, or the probability thereof, in the carburetor if
the de-icing device speeified in § 04.6291 requires the manual manipulation of controls.

() A storage battery suitable as a source of energy supply for the radic equipment installed. (See § 04.5821
for installation requirements and § 04.5823.)

(kY A generator. (See § 04.5823 for installation reguirements.)

04.533 ACP landplanes—Instrument night flying. The same as specified in §§ 04.531 and 04.532 eombined.
The storage hattery, in this ease, shall be of sufficient eapacity for all radio equipment and all lights installed.

04,534 ACP seaplanea and amphibians. The same as specified for landplanes (§ 04,530 through § 04.533)
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and including the life preservers speeified in § 04.515, except that when certificated for night operation they shall
also have installed the anchor light specified in § 04,5135,
04.58 INSTALLATION REQUIREMENTS.

The following regulations apply to the installation of specifie items of equipment and are additional to the
regulations of § 04.50.

04.580 Instruments. The following regulations shall apply to the installation of instruments when such
instruments are required by these regulations.

04.5800 Airspeed indicator., This instrument shall be =0 installed as to indieate true airspeed at sea level
with the maximum practicable aceuracy but the instrument error shall not be more than plus or minus 3 percent,
except that it need not be lesg than plus or minug 5 miles per hour, at the level flight speed corresponding to the
design power (§ 04.105), a1 Vi (§ 04.111), or at the maximum attainable level flight speed, whichever is lowest.

This requirement necessitates that the airspeed indicator error at the top level flight speed
for the power conditions of 04.53800 shall not exceed +5 mph for top level Aight speeds up to
167 mph, and 4 3 percent for speeds 167 mph or over. It is considered desirable that the airspeed
ndicator error be within +5 mph throughout the speed range. It is also considered to be in the
interest of safety, and thercfore desirable, that any errvor present be such that the indicator reads
high at comparatively high speeds and low at comparatively low speeds.

Any of the methods of calibration described here are acceptable to the CAA. The ealibration
should generally be conducted with the airplane fully loaded and with the center of gravity in an
intermediate position. If flaps are installed on the airplane, a separate calibration covering at least
five speeds should be made with the flaps extended. 1f the landing gear is retractable, the calibration
with the flaps retracted should be made with the landing gear also retracted and that with the
flaps extended should be made with the landing gear also extended.

The calibration may be conducted by means of a number of methods. The following are
considered acceptable for use in conducting type inspections and are listed in the order of their
desirability regarding accuracy and consistency of results obtained:

1. Suspended or trailing bomb.
2. Measured speed course.
3. Pacing by menns of another airplane.

A, Calibration by Means of a Trailing Bomb

Because of the impracticability of conducting airspeed indicator calibration tests over a
measurcd course at speeds approaching the stalling speed of the airplane being tested, the calibra-
tion at these low speeds should be made with a trailing bomb. The bomb may be used at any
altitude and therefore lends itself readily to calibrations at speeds which would be considered
unsafe at the altitudes at which calibration rung over a measured course are made. Reasonable
acﬁuracy may be expected from the use of a trailing bomb when the following precautions are
taken:

The bomb itself should be calibrated at intervals not to exceed six months by conducting
tests at various speeds with the bomb suspended from an airplane in order to obtain the bomb
error. This process requires an accurate calibration by other independent means of the airspeed
indicator of the airplane to which the bomb is attached or that the calibration of the bomb be
made by flying over a measured course. It also requires calibration: of the instrument to which
the bomb is attached.

In order to eliminate the possibility of position error, it is recomxmended that both during
the calibration of the bornb over a speed course and during calibration of the airplane indicator by
means of the bomb, the length of the bomb cable paid out bear a constant relation to the span of
the airplane used in each ease. Thus, for example, i the airplane, the indicator for which is to be
calibrated, has a span of 100 feet and the airplane used to calibraie the bomb a span of 36 feet,
and also if 306 feet of cable be used during ihe bomb calibration, then 100 feet of cable should be
used during the calibration of the indicator on the test airplane. The exact factor relating cable
length to span (1.00 in the above example) should be based upen eonsideration of the total length
of cable available and the greatest span of any airplane likely to be tested.

B. Calibration Over a Speed Course

A speed course consists of two ground stations easily identifiable from the air at an accurately
known distance apart, preferably on level terrain. This distance should be at least two miles.
The ground stations should be of such nature that it i3 posgible to observe with considerable pre-
cision the instant the airplane is direetly above them. Roads at right angle to the course direction
are an example of such stations. '

To insure accurate results, course calibrations should in general not be conducted if the wind
speed exceeds approximately five mph or if the air is appreciably turbulent. In the case of a
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cross wind, the airplane should be headed parallel to the course and allowed to drift if necessary.
If it be attempted to fly directly zlong the course by yawing the airplane into the wind, the resultant
airspeed will be in error by an amount depending upon the airspeed and the cross wind velocity.
At least one run in each direction should be made at each of the selecied specds,  In each run
the altitude and the necessary power sctting should become stabilized for a considerable distance
before entering the speed course. Neither power (rpm or mp) nor altitude should be altered
throughout the parficular run. Each run should be made at as low an altitude as is considered to
be safe, but in general should not be made at an altitude less than 50 feet above the ground. In
conducting the “ful] throttle” run, when fixed or adjustable pitch propellers are installed, the pilot
should not permit dangerously high rpm to be reached. In general, the rpm at full throttle should
not exceed the rated rpm of the engine. '
The following data should be observed:

@. The outside air temperature and the average pressure altitede of all runs should be
observed and recorded.

b. The indicated airspeed should be recorded at frequent intervals throughout each run and
the average of these recordings taken as the speed of that particular run.

¢. The average manifold pressure, tachometer reading, and carburetor air temperature
should be observed for each run and recorded as precisely as possible. “Average speed” should
be determined as the average of the mcasured course ground speed for each direction. Do not
average the time intervals.

C. Calibration by Means of Pacing With Another Airpiane

This method congists essentially in flying another airplane, the airspeed calibration for which
¥ known, alongside the test airplane at the same speed as indicated by their relative positions
and readimg simultaneously the airspeed indicator in each airplane. The method is obviously
open to considerable error since it reqtiires that zero relative speed between two airplanes be deter-
mined by direct observation. It also requires a relinble means of communication between two
airplanes and, obviously, thaf the tests be conducted only in very smooth air. In general, the
method should be regarded as a last resort.

D. General Discussion

It is impossible to place too much emphasis upon the necessity to obtain the most accurate
possible airspeed calibration. Since all test data are to be reported in terms of true indicated
airspeed and these reported data will necessarily cover the entirve range from the stalling speed to
the design gliding speed, no tests for the purpose of oblamming quantitative performance data
should be conducted until a satisfactory and acceptable atrspeed mdicator calibration has been
accomplished. Parcicular care should be exercised in determining the calibration at speeds near the
slalling speed because of the dependence of the reguired rate of climb and the showing of com-
pliance with the cooling, the landing speed, and flight characteristics requirements upon the ecali-
brated speeds in the neighborhood of the stalling speed.

The calibration made at the full load condition for the airplane will in most cases be satis-
factory for all of the tests. In certain cases, however, in which there are appreciable differences in
weight between the full load and the foremost or rearmost C6 loading conditions, it may be neces-
sary to apply a correction to the calibration obtained at the full load condition for the difference
in weight. Such correction is based upen the assumption that the airspeed indicator position
error is a function of angle of attack of the airplane. This is equivalent to assuming it to be a fune-
tion of lift coefficient, 1. e., the indicator error wilt have the same magnitude at the same 1ift coeffi-
clent no matter what the speedinvolved.  Since for level flight at a given lift coeflicient the speed
varies as the square root of the weight, this correction may be made by plotting the calibration as
true indicated airspeed over the square root of weight of airplane during fest against indicated air-
speed over the square root of weight of airplane during test. (See below.)

True Indicated Airspeed e Indicated Airspeed
+/ Weight of Airplane During Test =~ +Weight of Airplane During Test

The true indicated airspeed corresponding with a given indicator reading obtained with the
airplane at another weight may then be obtained by calculating indicated airspeed over the square
root of the new weight, entering the calibration and reading the corresponding TIAS over the
square root of the waight of the airplane, and multiplying this by the square root of the new weight.
The result is TIAS at the new weight.

In the case of modification of a previously certificated airplane, which requires a determina-
tion of a speed as a part of the tests necessary to determine the status of the altered airplane with
regard to continued compliance with the Civil Air Regulations, it is considered desirable that an
airspeed calibration be made of the test airplane even though the calibration of the indicator on
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the prototype, which was tested for the original certification, may have been made and may be
available. Our experience indicates that there may be appreciable differences in the calibration
for different individual airplanes of the same type.

04.5801 Powerplant instruments and controls. (Sec §§ 04,650 and (04,651.)
64,5802 Fuel guantity gauge. (Sce § 04.624.)

04.5803 Magnetiec compass. This instrument shall be properly damped arnd compensated and shall be
located where it iz least affected by electrical disturbanees and magnetic influences.

04.5804 Navigation instruments. Navigation instrummerdts for use by the pilot shall be so installed as to be
easily visible to him with the minimum practieable deviation from his normal position and line of vision when he
is looking out and forward along the flight path and they shall also be visible to the second pilot.

04.5805 Gryroscopic insfruments. All gyroseopic instruments shall derive their energy from engine-driven
pumps or from auxiliary power units. FEach source of energy supply and its attendant complete installation shall
comply with the instrument manufacturer’s recommendations for satisfactory instrument operation, On multi-
engine aircraft each instrument shall have two separate sources of eénergy, either one of which ghall be capable of
carrying the required load. Ingine-driven pumps, when used, shall be on separate engines, The installation shall
be such that failure of one source of energy or breakage of one line will not interfere with proper functioning of the
instruments by means of the other source.

04.581 Safely equipment installation.

04.5810 Safety belts. Safety belts shall be s¢ attached that no part of the attachment will fail at a load
lower than that specified in §04.2640.

04.5811 Fire extingnishers. The portable fire extinguisher specified in § 04,510 shall be so installed as to
be aceessible to the passengers, The two portable fire extinguishers specified in §04.530 shall be so installed that
one is readily available to the erew and the other is near the main external cabin door where it shall be readily
available to passengers and ground personnel.

04.5812 Safety belt signal. When & signal or sign is used to indicate to passengers the times that seat belts
should be fastened, such signal or sign shall be located in a conspicizous place and so arranged that it can be operated
from the seat of either pilot.

04.5813 Landing flares. Landing flares shall be releasable from the pilot’s compartment, Structural
provision shall be made for the recoil loads.

04.5814 De-icers. Positive means shall be provided for the deflation of all wing boots,

During the official type inspection tests, thc actual operation and effect upon performance
and flight characteristics will be observed for any de-icing devices provided for wings, tail surfaces,
propellers, etc. No hazardous effects on flight characteristics shall result during their operation.

04.582 Electrical equipment installation.

04.5820 General. Eleclrical equipment shall be installed in aecordance with accepted practice and suitably
protected from fuel, oil, water and other detrimental substances. - Adequate clearance shall be provided between
wiring and fuel and il tanks, fuel and oil lines, carburetors, exhaust piping and moving parts.

04.5821 Battery. Battery shall be easilv accessible and adequately isolated from fuel, oil and ignition systema.
Adjacent parts of the airerafi structure shall be protected with a suitable acid-proof paint if the battery contains
acid or other corrosive substance and is not completely enclosed. If the battery is completely enclosed, suitable
ventilation shall be provided. All batteries shall be 8o installed that spilled ligquid will be suitably drained or
absorbed without coming in eontaet with the airplane strueture.

04.5822 Fuses. Fuses shall be so located that they can readily be replaced in flight. They shall break the
current in & generating system at & sufficiently small current flow to adequately protect the lights, radio equipment
and other parts of the eircuit,

04.5823 Generator. When a generator ig specified it shall have sufficient eapacity to earry the entire run-
ning load. Buch generator ghall be engine-driven unless an approved equivalent system is provided. Auxiliary
power units will be approved in lieu of batteries and engine-driven generators, provided that they are ai least two
in number and that the supply system is capable of carrying the entire running load with any one unit out of action,

04.58230 Running load. The rupning load shall be defined as the electric consumption of all lights, radio
equipment and other electrical devices except those which are designed only for oceasional intermittent use. Xix-
amples of devices regarded as intermittent are radio broadeasting equipment, landing lights and electrically oper-
ated landing gears and wing flaps. Radio range signal receivers and all other lights are considered a part of the
constant load.

04.5824 Anchor lights. The anchor light specified for seaplanes and amphibians shall be o mounted and
installed that, when the airplane iz moored or drifting on the water, it will show a white light vizible for at least
two miles at night under elear atmospheric eonditions.

04.5825 Landing lights. FEleetric landing lights shall be s¢ installed on multiengine aireraft that at least
one shalt be not less than 10 fect to the right or left of the first pilot’s seat and beyond the swept disk of the outer-
most propeller. On single-engine aircraft such lights shall be 8o installed that no visible portion of the swept disk
of the propeller, if of the tractor type, is illuminated thereby. Individual switches for each light shall be provided
in the pilot’s compartment.
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04.5826 Instrument lights. Instrument lights shall be so installed as to provide sufficient illumination to
make all flight instruments easily readable and shall be equipped with rheostat control for dimming unless it can be
ghown that a non-dimming light is satisfactory.

04.5827 Position lights shall be installed so that, with the airplane in normal flying position, the forward red
position light iz displayed on the left side and the forward green position light on the right side, each showing un-
broken light between two vertical planes whose dihedral angle is 110 degrees when measured fo the left and right,
respectively, of the airplane from dead ahead. Such forward position lights shall be spaced laterally as far apart
as practicable. One rear position light shall be installed on the airplane at the rear and as far aft as possible and
shall show a light visible aft throughout a dihedral angle of 140 degrees bisected by & vertical plane through the
longitudinal axis of the airplane. Such light shall emit (a) in the case of a non-air carrier airplane, either a contin-
uous white light as specified in CAR 15.2014 or alternate red and white flashes as specified in CAR} 15.2015, and (b}
in the case of an air earrier airplane, alternate red and white flashes as specified in CAR 15.2015. In lieu of sueh a
gingle flashing rear position light, an airplane may carry two rear position lights, one red and one white, gpaced as
closely as possible to each other with one unit above the other and in combination emitting the red and white flashes
gpecified in CAR 15,2015,

04.5828 Master switch. FElectrical installations shall incorporate a master switch easily accessible to a
member of the crew.

0#4.589 Miscellaneous equipment installation.

04.5800 Seats. 8eats or chairs, even though adjustable, in open or closed airplanes, shall be securely
fastened in place whether or not the safety belt load is transmitted through the seat.

04.5801 Accessories. Engine-driven accessories on multiengine aireraft shall be distributed among two or
more engines,
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04.60 ENGINES.

Engines shall be of a type and design which has been tyvpe certificated, or found eligible for usge in certificated
aircraft, in aceordance with the requirements of Part 13 or shall have heen approved as airworthy in aceordance
with previous regulations.

04.61 PROPELLERS.

Propeliers shall be of a type and design which has becn certificated as airworthy in aceordance with the require-
ments of Part 14 or shall have been approved as airworthy in accordance with previous regulations, except that
wood propcllers of a conventional type for use in light airplanes need not be certificated. In certain cases maximum
engine bore limitations are also assigned to propellers.  Propellers may be used on any engine provided that the
certificd power ratings, speed ratings, and bore of the engine are not in cxeess of the limitations of the propeller as
certificated, and further provided that the vibration characteristics of the combination are satisfactory to the
Administrator.

The propeller as installed on the aireraft must permit the clearance provided in 04.611, The
“Minimum Permissible Diameter” which will be listed for propellers on the aircraft specification
is that of the smallest propeller tested, multiplied by .08, This 2 percent margin 1s arbitrarily
chosen as being the maximum permissible reduction in diameter of a given propeller which will not
noticcably reduce performance. Tt also provides a margin to allow dressing down of metal propellers
N service.

Figed or adjustable pitch propellers—The Aireraft Specification for each newly certificated
i}ircrﬁ-ft equipped with a fixed or adjustable pitch propeller will specify the following propeller
imitations:

Static rpm at maximum permissible throttle [Not more than ______ rpm
setting. Not less than ______ rpm
. Not more than ______ inches
Diameter_ ..o {Not less than _____. inches

Normally propellers made from wood will require a different range of static rpm limits than
m?tal propellers. The basis for the preceding limitations is summarized here for convenient
reference.

Muazimum static rpm.—The maximum permissible static rpm will be the lower of the two static
rpm values determined by the methods shown below: . ‘

¢. Using the propeller having both the smallest diameter and lowest static rpm with which
compliance with the Steady Rate of Climb, Take-off Distance and First Minute (limb require-
ments can be met:

Maximum permissible static rpm = Rated engine rpm— (rpm at the best rate of Climb
Speed— Lowest Static rpm).

b. Using a propeller having both the largest diameter and highest static rpm for which ap-
proval is desired, the power-off rpm at placard 17, speed must not exceed 110 percent of the rated
rpm of the engine at METO power. ' '

Mintimum stafic rptn—The minimum static rpm will be established by the propeller having
both the smallest diameter and lowest static rpm used in demonstrating compliance with the Steady
Rate of Climb, Take-off Distance, and First Mintte Climb requirements,

Maximum diameter.—The maximum diameter will be the smaller of the two values determined
by the methods shown below:

@. Maximum diameter which will permit the clearances specified in 04.611.  (Landplane 9
inches ground clearance, seaplane 18 inches water clearance. At least 1-inch clearance between
propeller tips and structure.)

b. Maximum diameter used in placard V; dive tests described in (), “Maximum Static
rpm’.

Minimum diameter—The minimum diameter will be the diameter of the smallest propeller
used to demonstrate complianee with the Steady Rate of Climb, Take-off Distance and Hirst
Minute Climb requirements as described in “Minimum Static rpm” multiplied by a factor of
0.95.

To demonstrate that the vibration characteristics of the propeller are satisfactory in any
given installation the blade vibration stresses should be measured under flight conditions. Past
experience has indicated that this procedure is pecessary with all propellers, except wood types.
In some cases it s possible to determine the effect of changes or slightly new combinations by
ground tests or comparisons of previous data, but in most cases flight tests for this purpose are
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necessary. The propeller manufacturers have the stress measuring equipment necessary to ac-
complish these tests and will furnish the results to the CAA together with their recommendations
with respect to ppproval.

04.610 Controllable pitech. The control mechanism shall be designed and equipped with a positive stop which
shall limit the minimum pitech so that the take-off erankshaft speed for which the aireraft is certificated is not
exceeded during take-off with take-off power unless it is necessary to so locate the stop that a higher erankshaft
speced may be used in an emergency. The means provided for controlling the piteh shall be so arranged as to
minimize the attention required from a pilot to prevent the engines from exceeding their erankshaft speed limita-
tions under any fight condition.

Controllable propellers—The high piteh stop should he such that 110 percent of METO rpm
will not be exceeded in power-off dives at placard “Never Exceed” speeds.

Constant speed propellers—A control stop should be provided which will limit the low pitch
range to the maximum permissible take-off rpm.

All stops should, when practicable, be located at the propeller governor or hub in order to
reduce to a minimum the adjustments required in service.

Full feathering propellers.-—Comments regarding requirements for control stops on constant
speed propellers are also pertinent to full feathering propellers. The mechanism should be op-
erated in flight to demonstrate satisfactory operation to full fcathering position. These checks
ean usually be made during tests for one engine inoperative performance.

04.611 Propeller clearance, Propellers shall have a minimum ground clearance of 9 inches when the airplane
is in & horizontal position with the landing gear deflected as it would be under the maximum authaorized, weight of
the airplane. FPropellers on seaplanes shall clear the water by at least 18 inches when the seaplane ig at rest under
the maximum auvthorized load condition. A clearance of at least 1 inch shall be provided between the tips of
propellers and any part of the structure.

If the airplane is so'designed that the normal ground attitude is more critical, from the stand-
point of decreasing propeller clearance, than the horizontal attitude then the clearance should be
measured in the normal ground attitude. The location of the center of gravity position should
be such as.to produce the most critical condition and shoek struis and tires should be checked for
recomnmended pressures before making measurements.

A minimum clearance of Y¥-inch between the blade or hub and the cowling iz recommended,
and if vamable pitch propellers are used this clearance should exist under the feathered or highest
piteh condition. -

04.62 FUEL SYSTEMS,

04,620 Capacity and feed. The fuel capacity shall be at least 0.15 gallon per maximum (except take-off)
harsepower for which the airplane is certificated. Afr-pressure fuel sysfems shall not be used. Only straight
gravity feed or mechanical pumping of fuel is permitted. The system shall be so arranged that the entire fuel
supply may be utilized in the steepest climb and at the best gliding angle and so that the feed ports will not be
uncovered during normal maneuvers involving moderate rolling or side slipping. The system shall also feed fuels

romptly after one tank has run dry and another tank is turned on. I a mechanical pumnp is vsed, an emergenecy
ﬁand pump of equal capacity shall be installed and available for immediate use in case of a pump failure during
take-off. Hand pumps of suitable capacity may also be used for pumping fuel from an auxiliary tank te a main
fuel tank,

04.621 Tank installation. No fuel tank shall he placed closer to an engine than the remote side of a firewall.
At least one-half inch elear air space shall be allowed between the tank and firewall, Spaces adjacent to the sur-
faces of the tank shall be ventilated so that fumes cannot acecumulate or reach the crew or passengers in cage of
leakage. If two or more tanks have their outlets interconnected they shall be congidered as one tank and the air
space in the tanks shall also be interconnected to prevent differences in pressure at the air vents of each tank of
sufficient magnitude to cause fuel Aow between tanks, Mechanieal pump systems shall not feed fromn more than
one tank at a time except by special ruling from the Administrator.

04.622 Tank construetion. Fach fuel tank shall be provided with either a sump and drain located at the
point which is lowest when the airplane is in a normal position on the ground or outlets at the bottom of the tank
provided with large mesh finger strainers. If a sump iz provided, the main fuel supply shall not be drawn from
the bottom of this sump. If no sump is provided the system drain shall be eonyrollable from the pilot’s compart-
moeni and shall act a3 a tank drain.  Inach tank shall be suitably vented from Lhe top portion of the air space. Such
air vents shall be so arranged as to minimize the posgibility of stoppage by dirt or jee formation. When large fuel
tanks are used, the size of the vent tubes should be proportioned so as to permit rapid ehanges in internal air pressure
to oceur and thereby prevent collapse of the tanks in a stecp glide or dive. Tanks of 10 gallons or more capacity
shall be provided with internal batfles unless suitable external support is provided to resist surging,

04.623 Tank strength. Tuel tanks shall be capable of withstanding an internal test pressure of 3} pounds
per square inch without failure or leakage. TFuel tanks of large capacity which have a maximum fuel depth greater
than 2 feet shall be investigated for the pressure developed during the maximum limit acceleration with full tanks,
Tanks shall be so designed, and the rivets or welds so located, as to resist vibration failures or leakage.
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04.624 Gauge. A satisfactory gauge shall be so installed on all airplanes as to indicate readily to a pilot
or flight mechanic the quantity of fucl in each tank while in flight. When two or more tanks are elosely inter-
connected and vented, and it is impossible to feed from each one separately, only one fuel-level gauge need be
installed, If a glass gauge is used, it shall be suitably protected against breakage.

04.625 Lines and fitlings. All fuel lines and fittings shall be of sufficient size 8o that under the pressure of
nortnal operation the flow is not less than double the normal flow required for take-off engine power. A test for
proof of compliance with this requirement shall be made.  All fuel lines shall be so supported as to prevent excessive
vibration and should be loented 20 no struetural loads can be applied. Bends of small radius and vertical humps
in the lines shall be avoided. Copper fuel lines which have been bent shall be annealed before installation. Parts
of the fuel svstem aftached to the engine and to the primary structure of the airplane shall be flexibly connected
thereto. Flexible hose connections and fuel lines shall have metal liners or the equivalent. Fittings shall be of a
type satisfactory to the Administrator.

04.626 Strainers. One or more strainers of adequate size and design, incorporating a suitable sediment trap
and drain, £hall be provided in the fuel line between the tank and the earburetor and shall be installed in an aceessible
position. The sereen shall be easily removable for eleaning.

04.627 Valves. Ome or more positive and quick-acting valves that will shut off all fuel to each engine shall
be within easy reach of the first pilot and the seeond pilot or of the flight mechanie. In the ease of airplanes
employing more than one source of fuel supply, suitable provigion shall be made for independent feeding from
each source. '

04,6270 Dump valves. When fuel tanks are eqguipped with dump valves, the operating mechanism for such
valves shall be within convenient reach of the first pilot and the sceond pilot, or of the flight mechanie. Dump
valves shall be so installed a5 to provide for safe and rapid diseharge of fuel.

04.628 Drains. One or more accessible drains shall be provided at the lowest point on the fuel systems to
completely drain all parts of each system when the airplane iz in its normal position on level ground. Such drains
shall discharge elear of all parts of the airplane and shall be equipped with suilable safety locks to prevent accidental
opening.

04.629 Miscellaneous fuel system requirements.

04.6290 TFiller openings. All filler openings in the fuel system shall be plainly marked with the capacity
and the word ““fuel.” Provision shall be made to prevent any overflow from entering the wing or fuselage.

04.8291  An adequatc means shall be provided for preventing the formation of ice in the engine earburetors.
{See also § 04,532 (4).} :

04.53 LUBRICATION SYSTEMS.

04.630 General. Hach engine shall have an independent oil supply. The cil capacity of the system shall
be at least 1 gallon for every 25 gallons of fuel but shall not bo less than 1 gallon for each 73 maximum {except
take-off) rated horsepower of the engine or engines. A special ruling concerning the capacity will be made by the
Administrator when ail may be transferred between engines in flight or when a suitable reserve is provided, The
suitability of the lubrication system shall be demonstrated in flight tests in which engine temperature measure-

.ments are obtained. The system shall provide the engine with an ample quantity of oil at a temmperature suitable
for satisfactory engine operation.

04.631 Tank installation. il tanks shail be suitably vented and shall be provided with an expansion space
which eannot bhe inadvertently filled with oil. Such expansion space shall be at least 10 percent of the total tank
volume, except that it shall in ne casc be less than one-half gallon,

04.632 Tank strength. il tanks shall be capable of withstanding an internal test pressure of 5 pounds per
square inch without failure or leakage. Tanks shall be so designed and the rivets or welds so located as to resist
vibration failures and leakagc.

04.633 Gauge. A suitable means shall be provided Lo determine the amount of oil in the system during the
filling operation.

04.634 Piping. Oil piping shall have an inside diameter not less than the inside diameter of the engine inlet
or outlet and shall have no splices between connections. Connections in the oil system shall be of a type satis-
factory to the Administrator.

04.635 Drains, One or more accessible drains shall be provided at the lowest point on the lubricating
systems to drain completely all parts of each svstem when the airplane is in its normal position on level ground.
Such drains shall discharge clear of all parts of the airplane and shall be equipped with suitable safety locks to
prevent accidental opening.

04.636 Qil temperature. A suilable means shall be provided for mca.suring'the oil temperature at the
engine inlet.

04.637 Filler openings. All filler openings in the oil system shall be plainly marked with the eapacity and
the word “oil.”

04.64 COOLING SYSTEMS.

04.640 General. The cooling system shall be of sufficient capacity to maintain cngine temperatures within
safe operating limits under all conditions of Hight during a period at least equal to that cstablished by the fuel
capacity of the aireraft, assuming normal engine power and speeds. Compliance with this requirement shall be
demonstrated in flight tests in which engine temperature measurements are obtained under critical flight con-
ditions including flight with one or more engines inoperative.

4 04.641 Radiators, Radiators shall be so mounted as to reduce vibration and eliminate strains causing
istortion.

04.642 Piping. Piping and connections shall conform to accepted standards and shall not transmit vibration
to the radiator or the strueture of the aircraft.
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04.643 Drains. One or more accessible draing shall be provided at the lowest points on the eooling system
to drain completely all parts of such systemn when the airplane is in its normal position on level ground. = Such
drains shall discharge clear of all parts of the airplane and shall be equipped with suitable safety loeks to prevent.
accidental opening.

04.644 Filler openings. _All filler openings in the cooling system shall be plainly marked with the capacity
of the system and the name of the proper cooling liquid. .

04.65 POWERPLANT INSTRUMENTS, CONTROLS, AND ACCESSORIES.

04.650 Instruments. The engine instruments required are specified in § 04.5. The installation require-
ments for navigation instruments in § 04.5804 shall apply to tachometers and manifold pressure gauges. All
other ingtruments shall be visible in flight to the pilot and eo-pilot or to the flight mechanic. If the manifold
pressure gauges and tachometers are not visible to the flight mechanie, he shall be provided with a duplicate set of
these instruments.

04.651 Conirols. All powerplant controls, including those of the fuel system, shall be plainly marked to
show their function and method of operation,

04.6510 Throitle controls. Throttle controls shall be easily aceessible to both pilots and shall be so arranged
ag to afford a positive and immediately responsive means of controlling all engines separately or simultaneously.
_ Flexible throttle eontrol systems shall be of a certificated type. A forward movement shall open the throttle.

04.6511 Ignition switches. Ignition switches shall be easily accessible to both pilots. A positive means for
quickly shutting off all ignition of multiengine aiveraft, by grouping of switches or otherwise, shall be provided.

04.6512 Propeller piich controls. Separate pitch controls shall be provided for each propeller.
04.652 Accessories (Afr carrier airplanes). {(See § 04.5891.)
04.66 MANIFOLDING, COWLING AND FIREWALL.

04.660 General. All manifolds, cowling and firewalls shall be so de<igned and installed as to reduce to a
minimum the possibility of fire either during flight or following an accident and shall therefore comply with accepted
practice in all details of installation not hereinafter specified.

04.661 Manifolds. Exhaust manifolds shall be constructed of suitable materials, shall provide for expansion,
and shall be arranged and eooled so that loeal hot points do not form. (Gases shall be discharged clear of the cowling,
airplane structure and fuel system parts of drains. They shall not blow baek on the carburetor air intake g the
pilot or passengers, nor cause a glare ahead of the pilot &t night, No exhaust manifolding shall be loeated imme-
diately adjacent to or under the carburetor or fuel system parts liable to leakage.

04.662 Air intakes. Carburetor air intakes shall be suitably drained and shall open eompletely outside the
cowling unless the emergence of back-fire lames iz positively prevented, The drain shall not discharge fuel in the
path of possible exhaust flames.,

04.663 Engine cowling. All ecowling around the powerplant and oz the engine side of the firewall shall be
made of metal and shall be so arranged that any aecumulations of dirt, waste or fuel may be observed without
complete removal of the cowling. It shall fit tightly to the firewall, but openings may be provided if the airplane
surface within 15 inches thereof is protected with metal or other suitable fireproofing material. The eowling shall
be completely and suitably drained in all attitudes of flight and on the ground, with separate drains provided for
the parts of the fuel system liable to leakage, All such drains shall he sa located as to prevent fuel or oil from
dripping onto the exhaust manifold or any parts of the aircraft and from permeating any material of a cellular nature,

04.664 TFirewall. A firewall shall be provided unless the engine is mounted in an isclated nacelle with no
fuel tanks. Such fire bulkhead shall be constructed in one of the following approved manners: {a) A single sheet
of terne-plate not less than 0.028-inch thick. (b)) A single sheet of stainless steel not less than 0.015-inch thick,
{¢) Two sheets of aluminum or aluminum alloy not less than 0.02-inch thick fastened together and having between
them an asbestos paper or asbestos fabric sheet at least ¥4-inch thiek.

04.6640 The firewall shall eompletely isolate the engine compartment and shall have all necessary openings
fitted with close-fitting grommets or bushings. Adjacent inflammable structural members shall be protected by
ashestos or an equivalent insulating material and provision shall be made for preventing fuel and oil from permeat-
ing it.

04.665 Heating systems. Heating systems involving the passage of eabin air over or in close proximity to
engine exhaust manifolds shall not be used unless adequate precautions are incorporated in the design to prevent
the introduction of carbon monoxide into the cabin or pilot’s compartment. They shall be constructed of suitable
materials, be adequately cooled and be susceptible to ready disassembly for inspection,

04.69 MISCELLANEOUS POWERPLANT REQUIREMENTS.

04.690 Materials. Fuel, 0il and cooling systems shall be made of materials which, ineluding their normal
or inherent impurities, will not react chemically with any fuels, oils or liguids that are likcly to be placed in them,
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04.7 PERFORMANCE

04.70 PERFORMANCE REQUIREMENTS.

All airplanes shall comply with the performance requirements set forth in §§ 04.707 and 04.708. All airplanes
except those certificated in the transport category shall comply with §§ 04.700 through 04,708, inclusive. Com-
pliance with such performance requirements shall be shown in standard atmosphere, at all weights up to and includ-
ing the standard weight (§ 04.102) and under all loading conditions within the eenter of gravity range certified
(§ 04.742): Provided, That demonstration of compliance with landing-speed requiremenis, and with those relating
to take-off time and distance, may be limited to an intermediate range of center of gravity positions if it can be
shown that it is possible for the airplane to continue flight with one engine inoperative, and that passengers or other
load ean be eagily and rapidly shifted while in flight to permit the realization, at the pilot's discretion, of a center
of gravity position within the range covered by this demonstration. There shall be no flight or handling charca-
teristies which, in the opinion of the Administrator, render the airplane unairworthy.

The phrase, “possible for the airplane to continue flicht with one engine inoperative”, is
interpreted to mean that the best rate of climb with one engine inoperative shall be not less than
200 feet per minute at sea level in standard air. This is to be determined with the inoperative
propeller in the minimum drag condition, the airplane at standard weight with flaps and gear
retracted, and with maximum except take-off power on the remaining engine(s).

The phrase “passengers or other load can be easily and rapidly shifted while in flight”, is
interpreted to mean that load other than passengers should be capable of being as easily moved
as are passengers. ‘That is, it should require no more effort nor attention, on the part of the crew,
than that involved in effecting the removal of the necessary number of passengers from seats,
which they may occupy, to those necessary to be occupied in order to bring the center of gravity
within the required himits. However, no means by which this can be so accomplished is known
to be in use at present. “Other Load’’ has been included in order to take care of possible future
development,

CG Positions :

@. The applicant should test the aireraft for the most forward and most rearward O@ positions
at which it will meet the minimum flight requirements and still not exceed the limits for which the
structure has been investigated. 'This will avoid the necessity for additional flight testing in the
event of subsequent alterations, It is important, however, that the most rearward (G position is
not realized at the expense of good stall characieristics. This is particularly true of aircraft in
the lower weight class which are generally flown by comparatively mexperienced pilots,

b. In all cases where controls are arranged in tandem and the aircraft can be flown from either
position, the loading must be such as to simulate a condition with the pilet in the front seat in
the tests of most forward C@ condition and in the rear seat in the rearward O condition, other-
wise, a suitable placard must be installed restricting solo flights to one seat.

¢. Compliance throughout the range of weight and €@ location specified in 04.70 is ordinarily
considered to be established by a showing of compliance at “eritical”’ values of weight and C@
position. The validity of this procedure depends of course upon the certainty with which “critical”’
conditions can be selected.

Flight Testing Methods {General)

@. Prior to conducting any official flight test, the loading of the airplane should be verified,
i. e., check to see that the proper amounts of fuel and ballast (if required) are installed to obtain
the desired C'¢G position. Further, all ballast should be securely fastened and spin chutes, droppable
ballast containers, emergency door removal mechanism, ete., should work satisfactorily.

b. Since certsin of the flight characteristics are materially affected by weather conditions,
care should be exercised to conduct tests under conditions which will give every assurance of the
results being accurate. Smooth air is essential for the tests required for quantitative performance
data, stability, trim, and stalls. With due regard for safety, suitably smooth air should be sought
as near as possible to the pressure altitude at which the engine will deliver its rated METO power.
Spin recoveries are not so readily effected in air of low density as in air of high density, Therefora,
when an airplane has marginal spin recovery in air above 10,000 feet pressure altitude, final decision
should be reserved until verified at an altitude less than 10,000 feet.

c. Whenever practicable, it is desirable that the applicant’s test pilot and/or other represent-
ative(s) be members of the ¢rew during official tests. This not only facilitates the recording of
accurate data, but also aids in the case of unforeseen exigencies. In all cases the equipment,
instruments, etc., must be suitable and accurate for obtaining the data desired.
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AIRPLANE ATRWORTHINESS

CHART FOR DETERMINATION OF
DENSITY AND EQUIVALENT ALTITUDES

() TO DETERMING PRESSURE ALTITUDE WHEN BAROMETRIC
PRESSURE [INHG.) 1S KROWN, READ DIRECTLY AGROSS LINE C

() TO DETERMINE STANDARD ALTITUDE (QENSITY ALT) OR
CALIBRATION FAGTOR "¢", DRAW STRAIGHT LINE FROM
OBSERVED FREE AR TEMPERATURE AY ALTITUDE (LINE A)
TO PRESSURE ALTITUDE (LINE G) AND READ STANDARD
AMTITUDE OR FACTOR 'F' WHERE THIS LINE INTERSECTS
UINE B.

@ TO DETERMINE EQUIVALENT ALTITUDE DRAW STRAIGHT LINE
FROM DENSITY ALTITUDE {LINE B} TG PRESSURE ALTITUDE

(LINE G) AND READ EQUIVALENT ALTITUDE WHERE THIS
LINE INTERSECTS LINE "E"

Figure 46.
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PERFOBMANCE 04.70

d. Since the performance tests to demonstrate compliance are dependent upon the accuracy
of the instrument installations, the following suggestions are offercd regarding the most commonly
used instruments:

Airspeed indicator. —The airspeed indicator must be so installed that errors due to change of
attitude and cabin or cockpit pressures are not abnormal. The practice of venting the static line
&t the cabin or cockpit has been gencrally unsatisfactory. Such installations must be investigated
for the effect of moderate slips and cabin ventilators or windows opened to various degrees. The
instrument must be calibrated in all cases where accurate values of speed are required. (Also sec
page 119 for acceptable methods of calibration.)

Altemeter,—A sensitive type altimeter, adjustable for changes of barometrie pressure, must
be installed during all performance tests. This mstrument should be vented to the airspeed indi-
cator static line unless another arrangement is proved to be cqually satisfactory. All altitudes
reported should be in terms of “pressure altitude”. This can be accomplished by setting the
harometric pressure scale of the instrument to 29.92 inches prior to taking readings. The following
method may be used in cases where a barometric pressure scale 1s not provided or when the scale
18 suspected of being in error: Obtain from the local weather burcau station, or other reliable source,
the surface pressure at the airport immediately prior to the take-off. The corresponding pressure
altitude of the airport may then be obtained from standard altitude table, or from figure 46. Adjust
the altitude scale to correspond to the existing pressure altitude on the ground. All indications
will then be in terms of pressure altitude without further corrections for changes of barometric
pressure,

Rate of elimb indicator.—This instrument has heen found to be generally unreliable for use
in measuring accurately rate of ascent or descent due to its inherent lag characteristics, Tt is of
some value in trimming the aircraft for level flight and in providing approximate values of vertical
speed.1 Bost results will wsually be obtained from this instrument by venting it to the airspeed
static line.

FPressure gauges.—Such instruments as manifold, fuel and oil pressure gauges have heen
pf)oveg generally satisfactory unless subjected to pressure above the normal range, or otherwise
abused.

415,000
¥ I 1 T Ame B wwi BHHHS
T i} 1 H T 1 |
T T Y 1] T 1111
| f H - B!
- ; iE S
! HE7H]| #2k,000
T
o
i N T I
T : =
1 i I
I n Il T T 1| T iT |
[ [ [N -
H H 1 11 1 T - 317,000
i = I 1 .
T u — 1 =
un H A A
M [ el M ) T
AR 1
am T 410, 000
T ‘ e T
: ] ; I = HH - H t
| I T 1 T } n N M
B | i o
1 i : T 1 }’ I ! ]+,
- - 1 -5
L - r'd o
] Fi T
- Tt ! 36,000
SR P )
i ST A ppth b
- 1 r T |
T INE N
. ' a RisE
' : AL =g 96
7
r.i ] : I
1= L | T I
H * BHP At Constant Tarcttle & RPW
VE, J.
aax A gtandsrd A1t fude :i; 48,000/
1 AR TS
T 137 I by T P TTT | i
1] T T T T
. T T J‘ T In
T i T 4
B 1
2 Ha.1.
il 2
An Biwn RN 3 g
8 A “H+H w1
- T " e
n } i Wi B i )
> - ,.}‘- : : I } T
S oy 1 —+ . T
I i [~}
S 2 ® P T R B e s
LT \‘ JPETN ) - L ) 1 1 \’T
R EREN 1 pup 1 : : - ks m |
A p Ry ;, LA BN e AR R A A 8 PR AR
T | I — T L R L .y I LT

Figure 47.
129



04.700 AIRPLANE AIRWORTHINESS

Temperature gouges.—Thermometers used in measuring outside air temperature during
criormance and cooling tests must be so installed that the expansion elements are not affected
y engine heat. Readings on the ground will usually not indicate true atmospheric temperatures

unless taken immediately following a landing. _

Thermocouple indicator installations.—Thermocouple indicators for cylinder head and barrel
temperature readings must be calibrated at {frequent intervals, The thermocouple clements must
be firmly fastened to the engine to insure accurate results. A loose spark plug may introduce errors
as high as 50° F in head temperature readings.

Oil temperature vndicators.—Oil temperature indicators of the standard bulb type are gen-
eraj‘l}y relinble. The dial on test instruments must be graduated so as to be easily readable to within
5° F.

04.700 Landing speeds. 'The landing speed with power off, in standard ealm air at sea level, shall not exceed
a value determined as follows:

(a) Airplanes eertificated for passenger carrying: 65 miles per hour for airplanes of 20,000 pounds siandard
weight or less, 70 miles per hour for airplanes of 30,000 pounds standard weight or more, and a linear variation with
standard weight shall apply for airplanes hetween 20,000 and 30,000 pounds,

(b} Airplanes which are certificated for the carriage of goods only: The above landing speed values may be
increased 5 miles per hour.

Critical Weight and CG Position

The “critical” weight for landing is of course the maximum weight.
The “eritical’” ¢'@ location is almost always foremost.

Marginal Cases

If the landing speed is within 5 mph of the maximum permissible, at least three trials will be
made during official tests, and the average speed of three consecutive landings will be used to
determine compliance with the regulation. In such marginal cases and in any case where there is
uncertainty as to the accuracy of the airspeed indicator at low speeds, the applicant may be re-
quested to provide for a more accurate determination of the speed than may be made by means of
’slhe. in}‘;ilicator such as, for example, photographic means. Measurement of the landing roll is

€B1rable.

Accepiable Method

@. The landing speed should be measured during a normel approach and landing with power
off (throttle(s) closed) and should be the minimum speed obtainable under such conditions. Flaps,
if present, should be in the position intended for landing. The propeller, if controllable, should be
placed in low pitch during the approach and left in this position thereafter until the landing is
complete. If the landing roll is also to be measured, the most vigorous safe brake application should
be made during the roll. The airspeed indicator should be tapped lightly prior to contact in order
to reduce any lag in the instrument due to {riction.

b. The airspeed indicator should be read during the approach glide and at the instant of con-
tact, The anemometer should be located near the runway, at approximately the point where the
airplane is brought to a stop and at the approximate height of the airplane wing(s) and should be
read from the time the airplane is approximately 50 feet above the runway until the airplane is
stopped. The actual flap position used should be noted.

¢. If the flap retraction or extension time is less than the 15 seconds required by 04.434, the
behavier of the airplane during flap reiraction should be investigated by putting the airplane in a
simulated approach glide, with flaps extended and throttles closed, at the minimum speed recom-
mended for approach and initiating flap retraction. The sirplanc should be easily and satisfactorily
controllable with one hand and appreciable loss of altitude avoided by using the throttle(s).

Corrections of Flight Data

a. I the landing speed has been measured by means of the airspeed indicator, no correction
beyond that involved in the calibration necd be made since the true indicated airspeed is the true
airspeed at sea level standard air. If the speed has been measured by other means involving the
separate measurement of ground speed and wind velocity, the observed airspeed (ground speed+
wind velocity) is the true airspeed under the test conditions and must be corrected to true indicated
airspeed by multiplying it by the factor “F’’ read from figure 46 precisely as ‘‘average speed” is
corrected to the true indicated airspeed in the airspeed calibration.

b. The landing roll must be eorrected for both wind and altitude (density) in exactly the same
manner as in the case of the take-off run (see section IV, D of Form ACA 283, “Type Inspection
Report.”), 1. e.:

Wind.—K, is read from figure 48 at the value of V/Vzne, appropriate to the test conditions,
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where Vi, is the true airspeed under the test conditions (true indicated landing speed divided
by “F" from figure 46). ‘
Density.—Kp is read from figure 49 at by of the test.
Summary.—The corrected landing roll under calm sea level standard air conditions is:
Observed Roll X Ky X K.
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04.701 Take-off. Take-off at zea level: (a) Within 1,000 feet for landplanes; (b) Within 60 seconds in calm
air for seaplanes,

General

. When wing flaps are used to demonsirate compliance with the take-off requirement, the
airplane shall be ¢o placarded as to inform the pilot of the flap setting necessary to realize the
take-offl distance demonstrated.

Critical Weight and CG Pasition

. In the case of take-off distance, there appears little question that the maximum weight is
critical, The critical C¢ position is not so certain but, in the absence of evidence to the contrary,
it may be assumed to be foremost for both tail and nose wheel landing gears.

Marginal Cases

If the take-off distance is in excess of 900 feet, at least three trials will be made during official
tests, and the average corrected result will determine compliance.
Acceptable Method

. It is desirable that the wind velocity during the test does not exceed 5 mph. The anemom-
eter should be at approximately the height of the airplane wing when the airplane is on the
ground and should be located as near the runway of take-off as practicable and just beyond the
anticipated point of take-off. The anemometer reading should be begun as the take-off starts
and completed just before the airplane passes the anemometer station in order to avoid any possible
mfluence of the slip stream upon the reading.
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b. The teats should be conducted on & smocth level and firm surface for land plapes; and for
seaplancs, the water surface should be reasonably smooth. During official tests the flight engineer-
ing inspector will ordinarily ride in the airplane, observe and record the test data. In the case
of land planes, three other obscrvers are desirable, one to read the ancmometer, thermometer,
and barometer and the other two to observe the point at which the airplane leaves the take-off
surface and to determine the distance from the start of the take-off to this point.

¢. The full throttle static rpm should be measured, with the engine thoroughly warm and the
airplane on the ground headed 90° from the direction of any wind, by opening the throttle wide,
waiting for conditions to stabilize and reading the tachometer. The propeller static rpm is required
in order to establish the propeller limits. See “Propeliers,” page 123.

Corrections of Flight Data

Corrections for Landplane Tesis.—In order to obtain the take-off distance under sea level
calm standard air eonditions, it is almost always necessary to apply corrections to the measured
run to reduce it from the conditions existing during the actual testing to these standard conditions.
These necessary eorrections are discussed below.

Wind.—The take-off ground run is the distance required to accelerate the airplane from zero
ground speed to the take-off airspeed and iz, for a given airplane, approximately proportional to
the difference between the squares of the take-off ground speed and the initial ground speed. In
the presence of a head wind component, the take-off ground speed is equal to take-off airspeed
minus the velocity of the wind component. The initial ground speed is unaffected by wind and is
zero. It follows that & head wind component produces a shorter take-off ground run or conversely,
if the distance is measured in a head wind component, the distance in a calm will be greater.

The magnitude of the necessary correction depends upon the ratio of the velocity of the
wind component along the runway to the take-off airspeed and the correction factor, K, by which
the obzerved distance must be multiplied to obtain the corrected distance in & calm, may be read
directly from figure 48 at the appropriate value of V,/Vp.,. It should be noted that positive
(+) values of this ratio correspond with head wind components and negative (—) values with tail
components. Also that V, is the component along the runway of the lotal wind velocity, i. e.,
it is the wind velocity times the cosine of the angle between the wind direction and the runway.
It is not the wind velocity unless the wind blows directly along the runway. Finally, it should
be noted that V,_, is the true indicated airspeed under the test conditions,

Dengity (altitude).—Aside from its effect upon power which in turn affects the take-off
distance and which is separately treated hereunder, the effect of altitude upon the take-off is to
increase the take-off airspeed (true speed) which increases the distance approximately as the
squarc of this speed. Since the indicated minimum take-off airspced is independent of altitude,
the actual speed increases with inereasing altitude as +/p,/p and the distance as p,/p. The sea level
take-off distance is then the observed distance @ p multiplied by p/e,. Figure 49 is & plot of K,
(=p/e,) against the “density’’ altitude of the test. The “density’’ altitude may be obtained from
figure 46 by connecting the ohserved “pressure” altitude on the “C” scale by & straight line with
th:l observed temperature on the “A” scale and reading the intersection of this line with the “B”
scale.

Power—Since power, at a given throttle setting and rpm, decreases with altitude above the
eritical altitude of the engine, the take-off distance is correspondingly increased if the take-off is
made above the critical altitude. Figure 50 i3 a plot of the factor, K,, by which the take-off
distance observed under such conditions must be multiplied in order to obtain the corresponding
distance at sea level, against the “pressurc” altitude of the test. As is indicated by the figure,
this factor depends upon the take-oft power loading, 1. e., the weight of the airplane during the test
divided by the (sum of the) rated take-off power(s) of the engine(s). It should be noted that:

(a) If the altitude of the test is less than the eritical altitude for take-off power of
the engine, no correction for power is necessary.

(6) If the altitude of the test is greater than the eritical altitude for take-off power,
the observed distance is to be multiplied by the ratio of K, at the altitude of the test to
K, at the critical altitude, and

(¢) Tor a sea level engine, correction is always necessary unless the test is conducted
at precisely sea level, In which case K,=1.

It should also be noted that this correction is based upon the variation of power with
altitude in standard air and does not therefore account for departure of air femperature
from standard values.
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Outside air temperature—The effect of carburetor inlet air temperature upon engine power
is such that: T

BHP
BHP,
ture. It follows that take-off distance increases with increasing temperaturs or that a take-off
distance measured under temperatures higher than standard must be reduced to obtain the dis-
tance corresponding with the standard temperature.

Figure 51 is a plot of the temperature correction factor K, by which the observed distance
must be multiplied to accomplish this reduction. Tt should be noted that the curve for each
“pressure’’ altitude interscets the line K,=1.00 at the standard temperature for that altitude.

Summary.—The finally corrected take-off distance which must not exceed 1,000 feet is then:
Ohbserved Distance X K, X Ky XK, X K, . - .

Corrections for seaplane fests.—Tt is also necessary that take-off time for seaplanes be corrected
for wind and temperature and factors for this purpose will be furnished later. '

==v % , where 7, T.=abhsolute temperature, i. e., power decreases with increasing tempera-
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Figure 50. Figure 51.

04.702 Climb. The average tate of climb for the first minute after the airplane leaves the take-off surface
in accordance with § 04,701, and the rate of steady elimb at sea levels with not more than maximum except take-off
power, shall not be less in feet per minute than: (a) Landplanes: Eight times the measured power-off stalling speed
in miles per hour with the flaps and landing gear retracted, or 300 feet per minute, whichever is greater; () Sea-
planes: Six times the measured power-off stalling speed in miles per hour with the flaps retracted, or 250 feet per
minute, whichever is greater.

1. Best Rate of Climb—General
@¢. The purposes of testing for determination of compliance with 04.702 are as follows:
(1) To determine the best rate of climb speed which must not be exceeded during the cooling
test required by 04.640 nor during the first-minute climb test required by 04.702.
(2) To determine the best rate of climb with all engines operating at METO power at on

133



04,702 AIRPLANE AIRWORTHINESS

altitude near sea level which, when corrected to sea level and siandard conditions, must exceed
the minimum required by 04.702.

(3) The absolute ceiling and corresponding speed or alternatively, the variation of the best
rate of climb and corresponding speed with altitude over a range of altitude great enough to enable
the best rate of climb (see item 2 above) and the first-minute climb (see item 1 above) to be pre-
dicted under standard conditions at sea level and to indicate the speeds to be used at altitude
during the cooling test. _

b. In order to accomplish these purposes, it is necessary that sawtooth climbs be conducted.
For the first two of these purposes, a single, five speed sawtooth near sea level will ordinarily
suffice. For the third purpose, two or more additional five speed sawtooth climbs are necessary
depending upon the type of engine installed. For a sea level engine, two such additional sawtooth
climbs should be conducted at higher altitudes at intervals of altitude equal to about one third of
the estimated ceiling. For altitude rated engines, 8 suflicient number of such additional sawtooth
climbs should be conducted at such altitudes as to determine the siope of the best rate of climb
versus altitude curve oun either side of each critical altitude as well as such testing as is necessary
to determine the actual values of these critical altitudes for the engine(s) as installed. For a single
stage supercharger for example, one additional sawtooth below the critical altitude and three
above will ordinarily be necessary.

¢. Reference is made to Flight Engineering Report No. 3, ““ Airplane Climb Performance,’” for
a discussion of the nature of climb performance and the various factors affecting it.

2. Best Rate of Climb—Acceptable Method

@. For sawtooths, the airspeeds selected should bracket the speed for best rate of climb which,
for preliminary purposes, may be estimated as 140 percent of the power-off stalling speed. The
lowest speed should be as near the stalling speed as it is considered safe to fly. The interval
between speeds should be smaller at the low speed end of the range, where it should normally not
exceed 5 mph, and should increase with increase in speed. Thus, for example, for an airplane
having a stalling speed of 60 mph, 65, 70, 80, 90, and 105 mph would be & good selection.

b. In order to obtain usable results, it is essential that these tests be conducted in smooth
air. Even slight turbulence may produce such errors in the observed climb as to render the data
inconclusive both in respect of the best rate of climb and of the speed for best rate. The observed
rates when plotted should define a curve of the general shape of that in figure 10 of Flight Engi-
neering KReport No. 3. If they fail of this they are probably inadequate. Each climb should be
started at an altitude far enough below the chosen altitude to permit speed and engine rpm to
become stabilized. Fach climb should be continued five minutes or through 2,000 feet of altitude,
whichever oceurs first. It is preferable to observe and report pressure altitude at not less than
one-minute intervals throughout the steady portion of the climb.

3. Best Rate of Climb—Corrections

@, If a satisfactory set of data have been obtained, the speed for best rate of climb may be
approximated closely enough by plotting these observed data. The corrections necessary to deter-
mine the actual rate of climb are deseribed in Flight Engineering Report No. 3.

4. First-Minunte Climb—General

@. The first-minute climb musi be measured during a continuation of the test conducted to
establish the take-off distance. That is, it is the gain in altitude during the minute begivning at
the time of leaving the ground during the take-off test. The airspeed during this minute should
approach as closely as possible but should at no point exceed the speed for best rate of climb deter-
mined in accordance with paragraphs 1, 2, and 3 immediately above. TIf there is a time limitation
on the use of take-off power from the engine, this limitation must be observed by throttling back
to METO power at the expiration of the time from the start of the take-off. If, for example, the
limit iz one minute and the take-off has taken 20 seconds, the climb should be continued 40 seconds
at take-off power and thereafter at METO power.

b. For the purposc of demonstrating compliance with this requirement, a fixed or adjustable
pitch propeller must be of such pitch that, at the maximum permissible throttle setting, 95 percent
of METO rpm is not exceeded if the engine is a sen level engine rated 100 bhp (METO) or less or
METO rpm for sea level engines of higher power. The low pitch setting for a controllable pitch
propeller must be such that take-off rpm is not exceeded. For constant speed propellers neither
take-off rpm nor mp shall be excseded. '

" ¢. If the first-minute climb is less than 50 feet per minute in excess of that required on official
tests, not less than three take-offs and climbs will be made and the sgverage result used for deter-
mining eompliance with 04,702, :

d. The weight and C6 location will, of course, be those selected for the take-off test. (See
page 131.)
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e. In addition to the first-minute climb, it should be noted that the rate of steady climb at
sea level with not more than METO power must also meet the requirements of 04.702.

5. First-Minute Climb—Acceptable Method

a. The airplane should be so flown, within the limitations outlined above, as to gain the greatest
possible altitude within the minute following leaving the ground.

b. Take-off speed should not exceed the Best Rate of Climb speed.

6. First-Minute Climb—Corrections

a. In order to establish the first-minute chimb at sea level under standard air conditions, it is
necessary to apply certain corrections to the observed data. These are discussed hereunder.

Ouiside air lemperature—The observed first-minute chimb is actually an observed difference
in pressure (measured by means of the altimeter}. The corresponding difference in altitude de-
pends upon the temperature of the air, being greater the higher the tempreture, and is directly
proportional to the absolute temperature. For this reason the actual climb under the test condi-
tions is the observed climb multiplied by (4594-the average outside air temperature) and divided
by (4594 the standard temperature) at the mean ‘‘pressure’” altitude of the test. This standard
temperature may be read from figure 46 by placing a straight edge on the altitude on both the
“B’ and “C" scales and reading the temperature at the intersection of the straight edge with the
“A" gcale, or, it may be calculated as follows:

t=59—0.003566h
Where:
h=altitude in feet.

All temperatures are in degrees Fahrenheit.

Altitude —The effect of altitude (temperature and pressure) upon the climbing performance
ig such that the rate of climb generally decreases with attitude. This is due essentially to the fact
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that at a %iven true indicated airspeed the true airspeed increases which increases the power re-
quired for level flight (drag > velocity) which reduces the power available for cimb and to the fact
that the available power decreases with altitude.

For a sea-level engine installation—The correction for altitudemay bemade by the “equivalent’”’
altitude method. The “equivalent” altitude is the altitude in standard air at which the measured
actual climb under the test conditions would be obtained under standard conditions. It is the
“pressure’’ altitude of the test, plus 0.36 X the difference between the “density’’ altitude of the test
and the “pressure’ altitude of the test. It may be read directly from figure 52 . The actual first-
minute climb at sca lovel in standard air may then be obtained by plotting the absolute orusable
ceiling and the measured actual first-minute climb. The latter should be plotted at the mean
“oquivalent” altitude of the test minus half the measured actual climb. Then draw a straight
line between this point and the absolute or usable ceiling point. The intersection of this line with
zero altitude is the sca level firsi-minute climb., Xigure 53 illustrates the use of the diagram for
two cases.

For an gliitude rated engine—The correction process is much more complicated. If themean
“aquivalent’’ altitude of the test is below the critical altitude of the engine, an approximate correc-
tion may be made by adding 10 feet per minute for each 1,000 fect this “equivalent” is above sea
lﬁvel. Otherwise correction may be made by following the procedures outlined in Flight Engincering

eport No. 3.

Wind—If, as is usually the case, there is a wind velocity gradient with height (i. e., the
wind velocity increases with height), a climb made into the wind for a given airplane at & given
weight, speed, and power will be a higher rate (. e., more altitude will be gained in a given time)
than the same chimb in still air. This effect of a wind gradient is discussed, in respect of the glide
in landing, in Flight Enginecring Report No. 1 which indicates it to be proportional to wind ve-
locity, the increase of wind velocity with altitude, and the rate of climh, 1In practice, it is very
difficult to determine the sccond of these and even when it is known, the correction is rather difficult
to make. For these reasons it is recommended that tests be conducted in a3 nearly calm conditions
a8 possible.

04.703 .Controilability and maneuverability, All airplanes shall be controllable and mancuverable under all
power conditions and at all flying speeds befween minimum flying speed and the maximum certified speed. All
airplanes shall have ¢ontrol adequate for an average landing at minimum landing speed with power ofl.

1. Controllability—General

e¢. By controllsbility is meant the ability of the pilot through a proper manipulation of the
controls to maintain or alter the attitude of the airplane with respect to its flight path. Tt is
intended in the design of the airplane that it be possible to “control” the attitude about each of
three axes, the longitudinal, the lateral, and the normal axes. Angular displacements about the
longitudinal axis are called “roll.” Those about the lateral axis are called “piteh’” and those
about the normal axis are ealled “yaw.” Controllubility of an airplane is usually rated as “‘good,”
“fajr,” “poor,” or “unsatisfactory,” in cach of the various fligcht conditions which are investigated
for cach of the three loading conditions, The particular rating which is appropriate must necessarily
depend to 2 great extent upon the judgment and previous experience of the operator. If he finds
this to be as good as or better than thatb present in the best airplane of a similar type and size that
he has flown, it may be identified as “good.” If it he his opinion it is no better than that of the
average airplane with which he has had experience, it should be identified as “fair.” I it be typical
of the poorest of type certificated airplanes with which he has had experience, it should be identified
as “poor.” 1f the controllability is so inadequate that a dangerous condition might easily oceur, it
should be considered “unsatisfactory’ and is unacceptable as a showing of compliance with the
regulations.

B. It should be noted fhat if a spring device is installed in the control system, the airplane
must be satisfactorily controllable with and without the use of the spring device in accordance
with (4.436.

2. Maneuverability-— General

a. By mancuverability is meant the ahility of the pilot through a proper manipulation of the
controls to alter the direction of the flight path of the airplane. Obviously, in order to accomplish
this, it is necessary that the airplane be controllable, since a change in attitude is necessary in order
to change a direction of flight. Tt should also be noted that any change in the direction of flight
involves an acceleration normal to the flight path. :

b. Mancuverability is so closely related to controllability as to be inseparable in any real
motion of the airplane. It is also similarly purely qualitative in its nature and should be treated
in the seme manner as has been suggested for controlability above.
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¢. It should be noted that if a spring device is installed in the control system, the airplane
must be satisfactorily maneuverable with and without the use of the spring device in accordance
with (04.436.
d. For the current conventionally designed airplanes, the following loading and flight condi-
tions are likely to be eritical with respect to controllability and maneuverability:
(1) Take-off transition from ground control to aerodynamic control for maximum load at
rearward or forward O for steerable wheel (s} aft or forward respectively.
(2) At or near the stall with rearward & and power on,
(3) At placard V airspeed irrespective of power and O loading.
(4) For multi-engine airplanes with power on when the critical inoperative engine(s) sud-
denly becomes inoperative.

3. Controliability and Maneuverability—Flight Conditions

a. 04.703 is interpreted to mean that the aircraft must be satisfactorily controllable (with
and without use of spring devices) about each of its axes for any flight and power condition and
Wlli;h &:[I_fly loading condiiion for which approval is sought: This also includes during landings and
take-offa

b. In achieving satisfactory controllability, the applicant should atterapt to so design the
control surfaces that the degree of response from movement of the various surfaces is approximately
equal. Further, the manual force required should neither be excessive nor too light and should be
pr(()iplortlonal for each surface to that force which can be readily exerted by an operator’s arms
and legs
4. Multi-Engine Aircraft—Best Rate of Climb Airspeed

@. 04.703 is interpreted to require that it be possible to maintain the wings level during, and
to recover safely from, suddenly executed changes in heading up to 15° during steady flight at the
one engine inoperative best rate of climb speed, with any engine inoperative, the inoperative
propeller in its minimum drag condition, with the landing gear retracted and flaps in the position
used to show compliance, with the airplane loaded at the rearmost (G (using maximum weight
obtainable at this ¢ position) for which certification is sought and with METO power on the
remaining engines, This section of the regulations is further interpreted to require that it be
possible to execute 15° banked turns with or against the inoperative engine, starting from steady
flight at the one engine inoperative best rate of climb speed with any engine inoperative, the inoper-
ative propeller in its minimum drag condition, with landing gear and flaps in the fully extended
position and with METO power on the remaining engines, except that, if the applicant so elects,
the airplane may be placarded for & flap position less than fully cxtended provided only that such
reduced flap extension must not be less than that used in demo,nstrating compliance with 04.700.

The fundamental purpose of the investigation of suddenly executed changes in heading is to
insure that the rudder is unlikely to lock in the fully deflected position or become heavily over-
balanced, thus producing an uncontrollable airplane.

b. Acceptable method.—The airplane should be properly loaded, taken off and climbed on all
engines to the altitude at which the tests are to be conducted. This altitude should in no case be
less than 1500 feet or more than 1500 feet above the lowest standard altitude above which METO
power cannot be obtained by opening the throttles. The critical engine should then be made in-
operative and it should be attempted to trim the airplane under the required conditions. Once
the airplane has been trimmed, the behavior of the airplane following sudden changes in heading
should be investigated, beginning with comparatively small changes and gradusally increasing these
until a maximum of 15° has been reached or dangerous flight characteristics encountered. Following
this, the landing gear and flaps should be extended, the airplane retrimmed at the appropriate speed
and the execution of 15° bank turns attempted.

5. Multi-Engine Aircraft—Best Angle of Climb Airspeed

a. Further, 04.703 is interpreted to require that it be possible sa,fely to recover to straight
flight with wings level in the event of the failure of any engine during steady flight at the one engine
inoperative best angle of climb speed with take-off or the maximum available power on all engines,
with the Haps and landing gearretracted and with the airplane loaded at the rearmost O (using max-
imum weight obtainable at this C@ position) for which certification is sought, without unnecessary
delay and without the necessity to exert a rudder pedal force in excess of 180 pounds, or to throttle
the remaining engine. The above is not intended to prohibit the momentary dropping of a wing
which almost invariably follows failure of an engine on a multi-engine airplane.

b. Acceptable method—The test should be conducted at an altitude not less than 1500 feet.
During official tests, the applicant’s pilot should fly the airplane with the examining inspector in
the co-pilot’s position. Steady flight should be established under the specified conditions, the
throttles concealed from the pilot and one of them, selected by the examining ingpector, should be
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suddenly closed. The examining inspector will thereafter observe whether or not the requirement
is met. Tt is believed that there is little pilot reaction time involved in applying corrective rudder
pressure under circumstances such as the above test involved. The inspector will observe carefully
the applicant’s pilot’s reaction time and satisfy himself that there are no peculiarities of control or
cockpit arrangement which, in operation, might tend to make the pilot’s reaction time excessive.
It is desirable that some visual means be provided by which the rudder pedal force may be mesas-
ured. If this is impossible, the pilot and co-pilot should exchange positions and the maneuver be
repeated, in order that the inspector may estimate the rudder pedal forces required to recover.

04.7030 Controllability at the stall. With power off and with 75% maximum-except-take-off power, with
flaps and landing gear in any position, the airplane shall have sufficient directional and lateral control so that when
the airplane is stalled, the downward pitching motion following the stall shall oceyr prior to any uncontrollable rolt
or yaw. Any such pitehing motion shall not be excessive and recavery to normal ﬂiéht shall e possible by normal use
of the controls after the prteching motion is unmistakably developed, without excessive loss of altitude,

1. General

@. Investigation of the stalling characteristics is required, not only in order to measure the speed
at which the stall occurs in terms of which various of the requirements are stated, but aiso in order
to insure that the stalling characteristics are such that recovery to normal flight is possible with
only a reasonable skill on the part of the pilot and that such recovery is possible without excessive
loss of altitude, excessive speed or awkward or dangerous airplane altitudes which cannot be pre-
vented by normal use of the controls. In order to insure that the stalling characteristics are satis-
factory under any configuration in which the airplane is likely to be flown, these characteristics are
to be investigated with power on and power off and with landing gear and flaps, if present, up and
also in the position normally uscd for landing for each of the power conditions. ‘‘Power-on’' is
arbitrarily defined as the 7595 of METO power, or the nearest possible approach to it. “Power-off’’
is defined in 04.704,

». This flight condition normally is of very infrequent occurrence during the life of the airplane
except possibly when the airplane 1s used for the purpose of pilot training, It is an accelerated
rather than a steady condition and for this reason duration is without significance. The regulations
are interpreted to require that the stalling characteristics of the airplane must be such that it is
reasonably probable that a pilot of the degree of skill likely to be found among those subsequently
to fly the airplane may safely recover from an inadvertent stall.

¢. It is desirable that the airplane have satisfactory stalling characteristics with the maximum
power which can be drawn. In no case will an airplane be approved which invariably starts to spin
following s stall which has been approached from a normal flight attitude. It is required that the
first evidence of the onset of the stall be the loss of longitudinal control; i. e., the nose should drop
before a wing drops, and that there be no excessive pitch prior to recovery. Recovery to normal
flight is required by normal use of the controls after pitching motion is unmistakably developed,
without excessive loss of altitude.

d. The rearward O loading condition is most likely to be eritical with respect to the magnitude
of uncontrollable roll or yaw and therefore with respect to the tendency to spin upon being stalled.

2. Acceptable Meihod

a. 'The altitude sclected for the “power on’’ condition should be as low as is considered to be
safe for this purpose. For the power off condition, any altitude may be used. Steady flight shouid
be established at or about the chosen altitude under the specified power condition at a conveniently
low speed. The speed should then be slowly reduced by pulling back on the elevator control until
the stall is reached. During this approach to the stall the aileron and rudder controls should be
used in a normal fashion to maintain the wings level and the initial heading. The stall speed will
be that noted immediately prior to and concomitantly with the pitching motion or other cutward
evidence of broken air flow. In view of the rapidity with which the stall may develop and the
stbsequent recovery occur, it may be necessary to repeat this procedure several times for each
airplane configuration and power condition, noting each of the pertinent items of the ohserved

-data in turn in order to arrive at representative values for all. _

b. It should be remembered that the characteristics being investigated are those which a
comparatively inexperienced pilot may encounter mmadvertently and therefore no violent measures
should be used in either inducing or recovering from the stall.

04.704 Balance. As used in these regulations the term “balanced’’ refers to steady flight in ealm air without
exertion of eontrol force by the pilot ar automatic pilot. Lateral and direetional balance is required at eruising
speed, which for this purpose shall be taken as 90 percent of the high speed in level flight. Longitudinal balance
is required under the following fight conditions: (@) Power on: In level flight, at all speeds between cruising speed
and a speed 20 percent in excess of stalling speed. In a climb, at maximum (exeept take-off) horsepower and a
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speed 20 percent in excess of stalling speed; (b)) Power off: In a glide, at a speed not in excess of 140 percent of the
maximum permissible landing speed or the placard speed with flaps extended, whichever is lower, under the
forward center of gravity position approved with maximum authorized load and under the most forward eenter of
gravity position approved, regardless of weight,

1. General

a. Although 04.704 is fairly self-explanatory, it is further interpreted to include balance being
required for the flicht and power conditions specified and with any loading condition obtainable for
which approval is sought. In addition, cruising speed is arbitrarily defined ag 90 percent of the
top level flight speed attainable with METO power or full throttle power for sea level engines.

b. For the current conventionally designed airplanes, the following loading and flicht condi-
tions normally determine the limits of travel for the longitudinal trimming device:

- Nose heavy condition.—{1) Power-off ghide with maximuam forward COF and maximum lead-
ing. (2) METO power-on climb at 1209 V, with same loading as in (1).

Tail heary condition.—(1) Cruising power level flight with maximum rearward C& and
maximum loading. .

e. It should be noted that 04.704 requires lateral and directional balance at cruising speed

for all loading conditions.

2, Acceptable Method

a. Steady linear flight should be established at the chosen altitude and with the specified flight
configuration and power condition. Pertinent data should be observed and recorded after the
procedure below.

b. Tt should then be attempted to balance the airplane by so adjusting the flight and trimming
controls that no control force is required to maintain the speed and flight attitude. Since all con-
trol systems have a certain amount of friction inherent in them, it is usuwally necessary in order to
balance the airplane to manually excite the control surfaces in small rapid oscillations which do not
disturb the general trim but do permit the surfaces to adapt themselves to their trimmed position.
This manual excitation should be done by manipulating one control at a time from the cockpit and
adjusting the trimming device, if any, provided for the particular control being excited. By so
doing, it will be possible to trim out any possible unbalance about any one axis due to some other
control operating about one of the other axis. When it is apparent that the airplane is balanced
or as nearly balanced for straight flight as is possible, it should be permitted to continue its flight
path for an appreciable length of time in order to assure its having obtained equilibrium. (Also
see 04.704 discussion).

3. Multi-Engine Airplanes

a. 04.704 ig interpreted to require that it be possible to trim the arplane at the one engine
inoperative best rate of climhb speed with any of its engines inoperative, the inoperative propeller
in the minimum drag condition, with flaps and landing gear retracted and with the remaining
engines operating at METO power.

b. Further, 04.704 is interpreted to require, for airplanes with four or more engines, that it
be possible to trim the airplane in straight flight at an indicated airspeed 10 mph less than the
indieated maximum level flight speed possible, with all engines on the critical side of the airplane
inoperative, the inoperative propellers in the minimum drag position, with flaps and gear up and
with the remaining engines operating at METO power. Airplanes unable to maintain altitude
under this condition at the maximum weight for which certification is sought will be tested ata
sufficiently reduced weight that level flight is possible.

¢. Acceptable method.—The demonstration of compliance with this requirement may necessi-
tate some prelitninary investigation in order to determine the maximum weight at which there is
a speed range of at least 10 mph in Ievel flight. Once this has been accomplished, however, the
procedure may be substantially the same as that discussed under 04.703.

04,705 Stability. Under all power eonditions alt airplanes shall be longitudinally, laterally and directionally
stable. An airplane will be considered to be longitudinally stable if, in stability tests, the amplitude of the oseil-
lations decreases,

1. General

@. By stability is meant the tendency of the airplane to return to a “balanced” steady flight
condition if it is disturbed either by an external force or by manipulation of the controls. Stabihty
is also considered to be involved In the motions parallel to and about each of the three principal
axes, although any real motion of the airplane following & disturbance almost invariably involves
simultaneous motion about more than one of these axes and the forces set up by the displacements
and velocities upon which stability depends are for any one motion to some extent influenced by
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all of the others. The nature of these motions is almost invariably oscillatory, i. e., a path of the
motion tends to pass back and forth through a mean position or a path of the velocity back and
forth through a mean value which gives rise to two types of stability. The first of these is called
“static stability’”’ which is concerned solely with the existence or absence of a tendency for the
girplane to return toward the initial condition without regard to any subsequent oscillation. Thus,
for example, an airplane trimmed for and flown steadily in level flight is said to be statically stable
longitudinally if, when the speed is reduced by pulling on the elevator control and the control
then released, the speed begins to increase toward the trim value.  If, on the other hand, the speed
eontinues to decrease after releasing the control, the airplane is said to be “statically unstable.”
Assuming the above airplane to be “statically stable” the speed will ordinarily continue to increase
beyond the initial trim value until some maximum is reached, whence it will again decrease toward
the initial value, but will continue through this to a lower value, ete. The airplane iz said to be
“dynamically stable” if succeeding maxima and minima of velocities depart less and less from the
initial trim value, because, under these conditions, the motion will eventually be “damped out”
and the airplane will return to equilibrium in the initial trim condition. If, on the other hand,
" these maxima and minima tend to depart further and further from the initial trim value the air-
plane is said to be “dynamically unstable” and the motion, if allowed to continue, will eventually
result in stalling the airplane or reaching an excesgive velocity, either of which is obviously un-
desirable.

b. The above diseussion has been based upon what is called “longitudinal stability,” i. e., the .
tendency of the longitudinal axis to return to its initial attitude. There are also “lateral’” stability
involving the rolling attitude of the lateral axis and “directional” stability involving the yawing
attitude of the longitudinal and lateral axes. Whereas it is possible for the motion involved in
“longitudinal” stability to exist without those involved in “lateral’”’ and *‘directional” stability,
it is not possible for either of the latter two to exist alone, since the airplane invariably rolls if it
Yaws or vice versa.

¢. The nature of stability may be further deseribed by referring to figure 54, Suppose, for
example, an airplane is flying along path A-B3, where the ordinate represents altitude. Tt 1s nosed
down {or up) at B and the force of the control column is released at point C.  If the aircraft follows
path S8, it is statically stable longitudinally. If it follows path SU, it is statically unstable longi-
tudinally. The figure may also be used to iHlustrate directional static stability by assuming that
it represents the paths of an aireraft as seen from above. Likewise for lateral static stability, it
may represent an airplane the wings of which. either remsain i & banked position, or bank further,
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or change in direction of bank. Another indication of static stability is to be found in the nature
of the cockpit control forces. This is discussed below.

d. The question of dynamie stability is pertinent only when the airplane is statically stable
as shown in the illustration. If from point D the airplane returns to its original attitude m oscil-
lations the amplitude of which decrease, as shown by the line DS, it is dynamically stable. Tf the
amplitude of the oscillations increases, as shown by the line DU, the airplane is dynamically un-
stable. Similarly, the fizure may be applied to directional and lateral dynamie stability if the
airplane is viewed from above or from the rear respectively.

¢. The minimum acceptable evidence that dynamic stability cxists is that the amplitude
of the oscillation shall decrease within not more than three complete cycles following the initial
disturbance. In the case of longitudinal dynamic stability, for example, the third maximum
or minimum of velocity shall depart less from the initial speed than did those which preceded it.
In the case of directional and lateral stability, there is frequently no oscillatory motion imvolved
following a disturbance of the airplane attitude. In such case, if the airplane returns to its original
attitude, the motion is said to be “dead beat.”” The degrec of stability present is indicated by the
rapidity with which the airplane recovers its original attitude. The minimum acceptable evidence
that directional stability exists for such cases will be that the airplane shall cease to skid following
& yawing disturbance. For lateral stability it will be that the angle of bank shall decrease following
a rolling displacement of the airplane. .

f. It may not be possible to balance the airplane in level flight using METO power {or full
throttle). In such a ease, it must be balanceable in 8 climb using METO power, but at a speed
which is 90 percent of the top level flight speed attained above. It may be impossible to balance
directionally in level flight, in which case the heading may be maintained by use of the rudder
during the investigation of the stability. If balanceable in level flight, but unstable when so
balanced, the airplane must be stable when balanced in climbing flight using METO power (or
full throttle) at 90 percent of the level flight speed with METO power, and the range of the longi-
tudmal trimming deviee must be limited to the position required for such balance., This imitation
should be imposed by stops which positively prevent the trimming device {(elevator tab, for ex-
ample) exceeding the limiting deflection.

g. For the current conventionally designed airplanes, the following loading and flight condi-
tions are likely to be critical with respect to stability: (1} Maximum load at the forward C& with
METO power in level flight for high wing aireraft. (2} Maximum load at the rearward CG with
METO power in a climb at 1209, V..

2. Acceptable Methods

@. Longitudinal.—Trim the airplane for the configuration, flight and power conditions being
investigated (see 04.704). When the airplane has been so trimmed, the longitudinal dynamic
stebility should be investigated. This is done by pulling the control column back until the speed
has been reduced by approximately 20 percent of the trim speed, releasing the control column,
and observing the subsequent behavior of the airplane. If necessary, following the release of the
control, the rudder should be used to maintain the original heading. If during any part of the
test the speed increases o that it is apparent that it will exceed the placard V,, the airplane should
be pulled out very gradually and the test re-run with a somewhat smaller decrease in speed during
the pull up. This procedure should be continued until it is ascertained that the placard V, will
not be exceeded or that the airplane is unstable. To be acceptable, the amplitude of the oscilla-
tions shall show & decrease within three complete periods. ~

b. Directional —Directional stability may be investigated in two ways, namely: (1) Starting
from balanced level flight, defleet the rudder at a fairly rapid rate the amount-required to maintain
a steady skid with the airplane yawed approximately 20° from its flight path, the wings maintained
level by use of the ailerons, and the speed held constant by means of the elevator control or, if the
rudder pedal force required to accomplish this exceeds approximately 100 pounds, the angle of yvaw
should correspond with the maintenance of 100 pounds rudder pedal force. When the steady
condition has been established, the rudder control should be released and, if the airplane be direc-
tionally stable, it will cease to skid, i. e., the yaw will decrease to approximately zero and, if also
laterally stable, the aileron deflection and force required to hold the wings level will also approach
zero. 'The test should be conducted by executing skids both to right and left, recording in each
case the time required from the release of the rudder controls and the number of oscillations, if
any, involved to recover to steady level flight. (2) Starting from steady eurvilinear flight in a
turn that employs approximately a 20° bank, the feet should be removed from the rudder controls
and the wings leveled by use of the aflerons. If stable, the airplane will cease to execute a gkidding
turn, and aileron forces will decrease to approximately zero.

¢. Lateral.—Lateral stability may also be investigated in two ways, namely: (1) Starting
from balanced flight, by banking the airplane approximately 20° by means of the ailerons,
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maintaining the original heading by means of the rudder, and the original gpeed by means of the
longitudinal trimming device. When the steady slipping condition has been established, the
aileron control should be released or, in the case that the control system frietion is so great that the
ailerons are not free to assume their irail position, the ailerons should be slowly returned to their:
neutral position. During such tests if it becomes necessary to retrim in order to maintain indicated
airspeed at which the test was started, use should be made of the horizontal trim control and not
the elevators divectly, If the airplane is laterally stable, it will cease to slip, i. e., the wings will
return to an approximately level attitude and the rudder deflection and pedal forece required to
maintsin the heading will approach zero. The test should be conducted by executing slips both
to right and left, recording in each case the time required from the release of the aileron control
and the number of oscillations, if any, involved to recover to steady level flight. (2) Starting
from steady curvilinear flight in a turn that employs a 20° bank, the aileron control should be
released (aided to neutral if friction involved) and rudder applied to hold heading on a linear
flight path while using trim device to maintain trimmed airspeed. If stable, the airplane will
cease to execute aslip and wings will level out with forces on rudder decreasing to approximately zero.

d. Take-off —1If the airplane has been found to be dynamically longitudinally unstable when
trimmed at 120 percent of the power-off stalling speed and the applicant attempts to show, in
lieu thereof, satisfactory static and dynamic longitudinal stability by the alternate method
described immediately below in paragraph 3, consideration should also be given to the status
of stability during the take-off. While there are no specific requirements concerning stability
during this accelerated flight condition, it is suggested that in cases such ag these, particular
attention be paid to any behavior which might indieate the presence of static instability during
this mancuver. Sharp reversals in elevator control force not asscciated with aeeeleration through
a trim speed, application of power or retraction of landing gear or flaps are considered unsatis-
factory if the forces are of such magniiude to dangerously affect controllability during the take-oft
run and initial acceleration in flight thereafter.

3. Alternate Method—Climb Only

Longitudinal stability in a climb with METO power at 120 percent V,. (1) In the event that
the airplane is dvnamieally longitudinally unstable in this flight condition (1. e., trimmed at 120
percent of the power-off stalling speed), 1t may nevertheless be certificated as airworthy if it can
be shown by an alternate method to be statically and dynamically stable when balanced at the
best rate of climb speed and with METO power. Acceptable evidence of the existence of static
longitudinal stability will copsist of measured stick forces required to maintain various speeds
between the speed for best rate of climb at which the airplane muat be trimmed and the stalling
speed. The magnitude of these measured forces must be such as to increase steadily with depar-
ture from the trimmed speed at any speed befween the trim speed and 120 percent of the measured
power-off stalling speed, rapidly enough to render easily perceptible to the pilot any change in:
speed through a change 1n the control forces. There shaﬁr also be.no reversal (i. e., require forward
push} in the control forces at any speed below 120 percent V, until the stalling speed is reached;
1. e., the contro} force shall in no casc fall below zero before the stall is reached.  (2) If the airplane
has been found dynamically longitudinally unstable for this particular flight condition using the
method described above in paragraph 2a, the static and dynamie longitudinal stability should be
investigated by the alternate method of balancing the airplane longitudinally at the speed for best
rate of climb, conducting dynamic stability tests, and thereafter measuring the elevator control
force required to maintain various lower speeds while climbing steadily through a chosen altitude.
The number of speeds to be investigated for static longitudinal stability should in no ease be less
than four between the trimmed speed and the stalling speed and preferably more. A control force
may be measured with an ordinary spring scale and care should be taken before measuring these
forces to eliminate any possible effect of friction in the elevator control system by moving the con-
trol back and forth slightly through the nominal position associated with the speed which is being
maintained. A satisfactory set of data for static longitudinal stability will, when plotted as
measured force against airspeed, produce a smooth curve indicating & maximum at or below 120
percent, V. '

04.706 Spinning. (Not applicable to airplanes certificated in the transport eategory.) At any permissible
combination of weight and center of gravity position obtainable with all or part of the design useful load, there
shall be no excessive reversal of control forceg during any possible spinning up to 6 turns. [t shall be possible
promptly to recover at any point in the spinning described above by using the controls in a normal manner for that

urpose and without exeeeding either the limiting airspeed or the limit design normal acceleration for the airplane,
t shall not be possible to obtain uneontrollable spins by means of any possible use of the controls: Prosided, That
compliance with the foregeing requirements with respect to spinning shall not be required for those airplanes—
(a) permanently placarded ‘‘intentional spinning prohibited”; or (b} demonstrated to the satisfaction of the Ad-
ministrator to be characteristically incapable of spinning,
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1. General

. a. Spinning is & very complicated motion wherein the airplane describes a helical flight path
about a vertical axis. The airplane is usually stalled, its wings approximately level, and the longi-
tudinal axis down by the nose by an appreciable angle. The spinning characteristics of an airplane
manifest themselves in the behavior of the sirplane upon entry into, during, and upon recovery
from this steady spinning motion.

b. Systematic investigations indicate that with increasing the weight of a particular airplane,
the spins tend to become fiatter, the rate of descent higher, the recovery slower, and the loss of
altitude greater during recovery. Also as the center of gravity is moved to the rear, the spins
tend to become flatter and recoveries slower.

¢. As mentioned above, the flight characteristics are influenced by the weight and the O posi-
tion at which the airplane is fiown and, for a given combination of these, by the speed and the
amount of power being drawn. It is the intent of the above regulations that the flight character-
istics be satisfactory throughout the range of these variables, which may be expected to be used
during the life of the airplane. The magnitude of static longitudinal stability, for example, tends
to decrease with rearward movement of the @, with reduction in speed, and with increase in power,

d. The fundamental purpose of the spinning requirements is te insure that any airplane likely
during its life to be spun, shall have characteristics such that, in order to spin steadily following a
normsal entry into the spin, the elevator and rudder controls must be held in the full pro-spin
position. In order that this be so, it is obviously necessary that no “back pressure’” on either
rudder or elevator control may exist and that, if these controls be released, they must move toward
their trimmed position and the steady spinning motion of the airplane stop fairly promptly
thereafter, ’

¢. Another purpose of these requirements ig to insure that for any such airplane (i. e., one likely
to be spun), il it be possible to obtain an “uncontrollable’ spin or o steady spin with an ‘‘abnormal”
use of any of the contrels, it is nevertheless possible to recover safely fronl such spin. A still fur-
ther purpose is to insure that in any case, recovery to normal flight following stopping the spinning
motion is possible without attaining dangerously high speeds or high accelerations and without
excessive loss of altitude.

f. Spin strips or their equivalent are sometimes employed to obtain the desired spinning
characteristics. Service records indicate that ih such cases the aircraft may have its spinning
tendency increased from a stalled position,

¢. Highly tapered wings bave a iendency to stall first pear their tips, the stall at one tip
usually preceding that at the other, which usually produces roll just prior to or during the stall.
This is, of course, conducive to the development of & spin and for this reason almost any airplane
having such wings should be investigated for any undue tendency to spin. The taper ratio is
approximately the ratio of the wing cherd ail the root to the chord of the tip and any value of this
ratio in excess of three may be considered “high.”

k. For the current conventionally designed airplanes, the following loading and flight con-
ditions are likely to be critical: (1) Forward ('G with respect to excessive recovery speeds and accel-
erations. (2) Rearward OG [maximum load) with respect to spin recovery.

2. Tests

All spin tests should be conducted with the greatest possible caution. No spin test should be
conducted until the applicant has satisfied himself that the airplane complies with the require-
ments governing all the other flight characteristics.

For official flight tests, the inspector is authorized to require the applicant to install such safety
devices as releasable load aft of the center of gravity, spin chutes, means of rapid exit from the
airplane, etc., prior to conducting any spin tests.

The spin testing should begin with a process of familiarization during which the operator
should proceed cautiougly to acquaint himself with the spinning characieristics of the airplane by
entering the spin repeatedly and allowing its duration to increase cach successive time by as little
as one-hall turn if he considers this to be necessary. During this period each individual control
should be investigated {or the existence of back pressure and if it be found, it should be interpreted
as g warning to proceed with even greater caution.

The following tests shall be conducted to demonstrate compliance with the requirements,
ARl such tests shall be conducted at the maximum weight obtainable at the center of gravity
positions hereinafter specified unless experience during these tests indicates the probability that
some other combination of weight and center of gravity position may be critical, in which event
the applicant shall investigate such of these ag are necessary to determine which is in fact eritical.
All tests with flaps retracted shall be conducted with the airplane trimmed for level flight at 90
percent of the maximum level flight speed obtained with maximum-except-take-off power at the
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critical altitude of the engine. 'With flaps extended, the tests shall be conducted with the airplane
trimmed for steady ghding flight with throttles closed at a speed equal to 130 percent of the meas-
ured stalling speed with the airplane in the same condition.

Normal spins

Entry—Entry into normal spins mey be made with any necessary uso of the controls and
power but, onee started, the spin shall thereafter be maintained with the rudder and elevator in the
full pro-spin position and with the ailerons neutral, power-off.

Recovery With Free Controls—As aceeptable evidence that there is no reversal of control
force, the airplane shall, with rearmost center of gravity, be so spun for six turns and, upon releas-
ing the elevator and rudder from the full spinning position, the spinning motion shall stop in not
more than four turns thereafter.

Recovery by Normal Use of Controls.—As acceptable evidence of the ability to recover by normal
use of the controls: .

a. Flaps and lending gear retracted.—The airplane shall, without rearmost center of gravity,
be g0 spun for 1, 2, 4, and 6 turns and, with foremost center of gravity for six turns and, upon mov-
ing the elevator and rudder controls from the full spinning position toward but not bheyond the
neutral or “trunmed” position, the spinning motion shall stop and normal control be regained in
not more than one and one-half turns after starting this movement of controls and the complete
recovery to level flight at the trimmed speed shall be made without having at any time exceeded
either the maximum permissible airspeed or the litit normal acceleration,

b. Flaps and landing gear extended.—The airplane shall also, with rearmost center of gravity
and with flaps and landing gear fully extended, be so spun for one turn and, upon moving the
elevator and rudder controls from the full spinning pogition toward but not beyond the neutral
or “trimmed” position, the spinning motion shall stop and normal control be regained in not more
than one and one-half turns after starting this movement of the controls. -

Uncontrollable Spin—As acceptable evidence that an unecontrollable spin cannot be obtained
by any use of the controls the airplane shall, with rearmost center of gravity, be so spun for six
turns at the end of which the elevator shall be completely reversed (if necessary) following which
the airplane shall recover or recovery shall be possible with the elevator maintained in this posi-
tion by reversal of the rudder. Recovery in two to three turns is normally considered satisfactory.

Abnormal spins

Entry—Entry into abnormal spins may be made in any manner but, once started, the spin
shall thereafter be maintained with the elevator and rudder in the full pro-spin position and with
the ailerons either full with or full against the spin as hereinafter specified. :

Recovery —The airplane shall, with rcarmost center of gravity, be so spun for six turns with
ailerons full with the spin and also with ailerons full against the spin and, upon neutralizing the
aileron control and malking full use of the elevator and rudder controls for the purpose of recovery,
the spinning motion shall stop and normal control be regained in not more than two turns there-
after.

Nore: If in any of the normal or abnormal tests above with landing gear retracted the applicant has any
reason to believe that the spin recovery would be more eritical with the landing geat extended, the entire process
should be repeated with the landing gear in the extended porition. After the most critical test has besn deter-
mined for the airplane with the landing gear retracted, the test should be repeated with the landing gear extended
as a check to insure that the latter condition is not more eritical.

Non-spinning airpla

Most airplanes claimed to be incapable of being spun depend upon some limitation of the
control surface movement or the center of gravity location to insure this inability to obtain a
spin,  For this reason, in such cases, the spinning characteristics of the airplane should be investi-
gated with the elevator and rudder control systems so arranged for a movement in excess of that
subsequently to be available on the airplane and at a center of gravity location aft of the rearmost
limit for which certification is requested.

On the basis of the cases which have been encountered thus far, it is recommended that this
investigation be made with the elevator and rudder movement not less than 5° in excess of the
intended limit and with the center of gravity not less than 2 percent of the MAC aft of the rear-
most limit. Also, the exact margin which should be required should depend to some extent upon
the reliability of the means provided to limit the control and center of gravity movement. An
attempt should then be made to obtain a spin by any means whatever and this must be found to
be impossible and further to be most unlikely under any reasonably probable condition likely to
exist during the life of the airplane.
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04.707 Flutter and vibration, Wings, tail surfaces, control surfaces and primary structural parts shall be
free from flutter or objectionable vibration in all normal attitudes or conditions of flight between the minimum
flying speed and the maximum indicated airspeed attained in official flight tests. (See § 04.722,)

1. General

a. Buffeting is the condition in which repeated asrodynamic forces are experienced by any
part of an airplane which have been caused and maintained by unsteady flow arising from a dis-
turbance set up by any other part of the airplane. Flutter i3 an oscillation of definite period but
unstable character set up in any part of an airplane by a momentary disturbance and maintained
by a combination of aerodynamic, inertia and clastic characteristics of the member itself. Onece
set up, it is likely to destroy the parts involved unless quickly stopped. Flutter usually is
possible only above a certain airplane speed and, for this reason, a reduction in speed is strongly
indicated in the event it is encountered. Vibration is somewhat the same as flutter except that the
oscillations are damped so that the amplitude remains the sane or decreases.

b. 04.722 (Maximum Airspeed) requires that the airplane be flown steadily at the design
17, or at 1.33V., whichever is less, and also with flaps extended at the design V,, or 2V, which-
ever is less.  The purpose of this requirement is to provide a demonstration that flight is prae-
ticable and that the airplane may be satisfactorily operated under what are believed to be critical
conditions at two critical speeds within the range of all speeds permitted by the operation limita-
tions. A further purpose which this requirement serves i3, in those cases in which it is impossible
or unsafe to attain V,, to establish the placard V, at 90 percent of the highest speed which is
actually obtained. It should be noted, however, that in no such case in which the design V', has
not been attained and in which the design V, is in excess of 1.333V; may a placard V, be baged
upon an actual speed less than 1.33V7.

¢. There are a number of factors involved in this demonstration of practicability and satis-
factory operation, the more Important of which are:

(1) The test should show that the secondary structure, i. e., such items as engine cowling,
windshields, inspection and lubricating openings, etc., most of which are not amenable to ana-
lytical treatment in the process of design, will probably remain intact during the normal service
life of the sirplane.

(2) The test should show that the airplane is controllable and that ne dangerous character-
istics may be expected at the placard speeds sclected during steady flight.

(3) The test provides a means by which to determine that a fixed or adjustable pitch pro-
peller has been so selected or that the stops have been so adjusted for a controllable pitch propeller
that iltzvg)ﬂl not idle at an engine speed in excess of 110 percent METO rpm. (See * Propellers”,
page . '

8 (4) The test will provide a means by which to determine whether or not the occurrence of
{111tter or objectionable vibration of any part of the airplane is probable within the placard airspeed
imitations,

d. 04.743 (Airpseed Limitations) rcquires that the airspeed operating limitations (placard
speeds) for gliding flight and for flight with flaps extended be not more than 90 percent of the corre-
sponding speeds actually obtained in accordance with 04.722. The purpose of this requirement
is to provide a margin of safety of 10 percent of the speeds actually obtained to allow for inaccura-
cies in instruments or imprecision on the part of the future users of the airplane thus insuring, with
reasonable certainty, that if the user attcmpts to observe the operating limitations the speeds will
not in fact exceed those which have actually been investigated in accordance with 04.722,

e. Flutter can be caused by the combined effects of several undesirable features, any one of
which might not be dangereus in itself. Freedom from flutter as observed in flight tests iz not
necessarily complete assurance, for there may exist a particular combination of speed, acceleration,
weight or other features at which a dangerous flutter may occur. Detailed principles of flutter
prevention are outlined in CAA Engineering Reports, Nos. 22, 23, and 24, entitled “Flexure-
Torgion Binary Flutter,” “Perpendicular Axes Control Surface Binary Flutter,” and “Parallel
é&j{es:) 4(%ontrol—Surface Binary Flutter,” respectively. {Also see discussions under 04.404 and

424,

J. In any control surface or similar surface attached to the trailing edge of an airfoil, the use
of a spring device as an essential part of the control system greatly increases the probability of
flutter. Such installations are not considered satisfactory unless used in conjunetion with other
counteracting features, such as oleo damping devices or over-balancing of contrel surfaces. It
should be noted that when spring devices are used in the control system, the vibration and flutter
characteristics must be investigated both with and without the use of the spring device in accord-
ance with 04.436.

g. During performance and flight characteristic tests, care should be exercised to have the
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control system as free of friction as possible. Friction that is present in a new aireraft may deter
detection of flutter tendencies until later in service use when control movements are more free.

h. Tail buffeting is usually associated with relatively high angles of attack and is often caused
by wing-fuselage interference. It will frequently occur during attempis to spin an airplane that
tends to spiral or in flight conditions such that s heavy load factor is imposed on the wing with
resultant breakdown of sirflow over the wing. A practical discussion of preventive measures is
contained in NACA Technical Note No. 460, “Full-Scale Wind-Tunnel Research on Tail Buffeting
and Wing-Fuselage Interference of a Low-Wing Airplane”. Any buffeting which might result in
injury to the structure or difficulty in control is unsatisfactory.

2. The airspeed indicator must be marked for the placard values of V,, V., and V,. It should
be noted that Vy is obtained directly from design data, but that V', and V', are limited to not more
than 90 percent of the highest speed actually attained during the type inspection tests or 80 percent
of the design values, whichever are lower.

2, Acceptable Methods
The procedure given below should be followed:
@. The test should be conducted at the maximum weight for which certification is sought.

b. The test should be conducted at the rearmost 6 location attainable with maximum
weight, unless there is reason to believe that some other OG location may be eritical in respect of
one or more of the characteristics involved, in which case the test will be condueted at the rearmost,
C@ location and at any other deemed necessary by the Inspector during official tests.

¢. The airplane should be trimmed for level flight at METO power, the speed very gradually
increased until the desired value of true indicated airspeed from calibration cutve is reached, which
value should be maintained for such time as is necessary to make all of the observations required,
and thereafter level flight should be regained by a very gentle pull-out. Itis recommended that the
above trim setting remain unchanged unless the control forces required to maintain the airplane
at the desired speeds become impossibly large. In this event, it 18 recommended that the trim
setting be changed as little as is possible in order to relieve these control forces.

d. It is suggested that in the case of V7, the process described in item ¢ be repeated at least
three and preferably a greater number of times, each succeeding time attaining successively higher
speeds until ¥, be reached; that all of the characteristics under investigation be very carefully
observed and all required observations be made during each such trial; and that the test be dis-
continued if at any stage in the entire process it appears that difficulty will be encountered with
any further increase in speed.

¢. Dives to design gliding speed should be made in increments ineressing the speed 10 mph
each time.. These dives should all be started with ample altitude to permit adequate time for
egress should any failure occur. TIn this connection, it should be remembered that if flutter de-
velops, disintegration of the affected members may occur in a very short time, and that the re-
sulting aircrait maneuvers make it imperative that all such dives be made with at least 5,000 feet
altitude at completion of levelling out slowly. It is desirable, if the engine will not over-rev, to
use gome throttle during the dive, since this will not only aid in preventing torching {fire from un-
burned gas extending outside exhausts), but will also make it possible at the first sign of flutter to
close the throttle and reduce the airspeed (AVOID SHARP PULL-OUTS). It is usually necessary
to drop well below the airspeed at which the flutter or vibration started before it will die out.
Although no definite rule ean be given, it is known that if a flutter tendency is present during any
dive to an increasing speed increment, 1t may be incited by small sharp movements of the control
surface, cars being taken not to alter the flight path or attitude of the airplane during these move-
ments.

The above procedure, if started at relatively low speeds, is believed best for the purpose of
discovering potentially destructive flutter before it can reach dangerous proportions since the
violence and magnitude of flutter usually increases with speed.

04.707-T Flutter and Vibration. All parts of transport eategory airplanes shall be free from flutter or exeessive
vibration under all speed and power conditions appropriate to the operation of the airplane during take-off, climb,
level flight, and landing, and during glide at speeds up to the maximum indicated airspeed attained during official
flight tests, (See § 04.722). There shall be no appreciable buffeting for any flap position at eny speed in excess of
10 miles per hour above stalling speed for guch position nor shall buffeting at lower speeds be so viclent as to inter-
fere with the pilot’s control of the airplane or eause discomfort to its occupants.

The requirements of this section are considered to be clearly stated by its text. It is not
anticipated that any special flight testing will be necessary to show compliance beyond the usual
dive test required of all airplanes unless difficulty be encountered during this or any other nec-
essary testing. -

146



' 04.708
PERFORMANCE 04714

04.708 Ground and Waier characteristics. Land planeszhall be maneuverable on the ground and shall be
free from dangerous ground looping tendencies and objeotionable taxiing characteristics. The seaworthiness and
handling characteristics of seaplanes and amphibians shall be demonstrated by tests deemed appropriate by the
Administrator. (See § 04.452 for water stability requirements.)

1. Ground Characteristics

Taxiing tests should be conducted on smooth and rough ground as may likely be encountered
under normal operating conditions. Speeds should be used which should vary up to approxi-
mately 70 percent of stalling speed. Particular attention should be paid to the following:

Taxiing over rough ground.—There is some evidence to indicate that critical loads ean be
built up in taxiing over rough ground, even when the shock-absorbing system is entirely satisfactory
with respect to capacity for landing purposes.

Brakes.—Their adequacy in maneuvering on the ground and their tendency to cause nosing-
over should be investigated. Any bad tendency will normally be exaggerated when taxiing in a

- strong side or tail wind.

2. Water Characteristics

In order to check water stability, taxiing tests should be made cross wind in a fairly strong
breeze.

Sailing ability should be investigated by actually sailing the aircraft with appropriate use of
the engine.

Porpoising tendencies should be investigated and reported upon for extreme loading com-
binations. '

Ability to maneuver up to and while on the step should be investigated and reported on.

Effectiverress of the water rudders when provided should be checked.

3. Ski Handling—General

In the ecase of skis, the interpretation is that satisfactory landings and take-offs are required,
as well as satisfactory ski trim in normal flight.
During landings, take-ofls, taxiing, etec., particular attention should be paid to the following:
. No undue directional instability.
b. Satisfactory ability to make normal speed taxiing turns without undue skidding tendency. -
¢. No undue tendency to have the nose of each ski digging in during landings or take-offs.
d. Trimming gear adequate with no danger of damage occurring during normal ground
handling in taxiing or maneuvering over rough snow or drifts.
e. Ski trim in flight stable and satisfactory for all normal flight attitudes including slips
and skids.
f. I braking devices are employed, attention should be given to adequacy, effectiveness,
and protection during normal operation on the ground. Positive action should be required.

04.71 MODIFIED PERFORMANCE REQUIREMENTS FOR AIR CARRIER AIRPLANES NOT CERTIFI.
CATED IN THE TRANSPORT CATEGORY,

The weight of any multi-engine air carrier aircraft manufactured pursuant to a type certificate issuced prior to
January 1, 1941, and which aireraft is being operated in aceordance with the requirements of Part 61, may be in-
creased beyond the values corresponding to the landing speed specified in § 04.700 and take-off requirements of
§ 04,701, subject to the following conditions:

04.710 The increased weight shall be known ag the provisional weight (§ 04.103). The sfandard weight
{§ 04.102) ghall be the maximum permissible weight for all operations other than those in accordance with the
requirements of Part 61, The provisional weight shall be the maximum permissible weight for any operation.

04.711 Compliance with all the airworthiness requirements except landing speed and take-off is required at
the provisional weight, except that the provisional weight may exceed the design weight on which the struetural loads
for the landing conditions are based by an amount not greater than 15 pereent, provided that the airplane is shown
to be capable of safely withstanding the ground or water shock loads ineident to taking-off at the provisional weight.

04.712 The aireraft shall be provided with suitable means for the rapid and safe discharge of a quantity of
fuel sufficient to reduce its weight from the prowisional weight to the standard weight.

04.713 In no case shall the provisional weight exceed a value corresponding to a landing speed of 5 miles
per hour in excess of that specified in § 04.700, a take-off distance of 1,500 feet in the case of landplanes, or a take-off
timne of 60 seconds in the case of seaplanes,

04.714 Aireraft engaged in operations in accordance with the requirements of Part 61 shall be certificated
for the weight at which they comply with the take-off and other performance provisions of those regulations for the
particular operation involved provided that such certified weight shall not exceed the provisional weight. It may,
however, be less than the provisional or standurd weights, dependent upon the ground or water facilities and the
nature of the route flown.
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04.72 PERFORMANCE TESTS.

04.720 General. Compliance with the foregoing performance requirements shall be demonstrated by means
of suitable flight tests of the type airplane, Computations may be used to estimate the effects of minor changes,
Additional information coneerning the performance characteristics of air carrier airplanes iz specified in § 04.73.
Such characteristics shall be determined by direct flight testing, or by methods eombining basic flight tests and
caleulations, All performanee eharacteristics shall be corrected to standard atmospheric conditions and zero wind.
Methods of performance calculation and correction employed shall be subject to the approval of the Administrator,

As indicated in 04.720, the airplane presenied for type approval will be subjected to such
official flight tests as are necessary to prove compliance with the requirements, and to supply the
pertinent information required upon a form to be provided by the CAA.

The applicant shall, at his own expense and rigk, conduet such official flight tests as required
by the inspector to demonstrate compliance with the minimum requirements.

Ballast shall be earried to simulate pay load when necessary during flicht tests. Consideration
must be given to the vertical as well as horizontal location of ballast where such might have an
appreciable effect on performance or flight and handling characteristics. Careful attention must
also be given to supporting structures to determine that failure will not result from loads imposed
during tests.

04.7206 'The applicant shall provide a person holding an appropriate commercial pilot certificate to make
the flight tests, but a designated inspector of the Administrator may pilot the airplane during sueh parts of the
tests as he may deem advisable.

The applicant must provide the personnel necessary, in the opinion of the CAA, {for the conduet
of the official flight tests, including a competent commereial pilot with an appropriate rating as
‘required by CAR 20. No persons other than the crew necessary to conduct the tests shall be
carried during the flight tests. '

04.7201 In the event that the applicant’s test pilot i3 unable or nnwilling to conﬁuct any of the required
flight tests, the tests shall be discontinued until the applicant furnishes a competent pilot.

04.7202 Parachutes shall be worn by members of the crew during the flight tests.

04.7203 The applicant shall submit to the inspector of the Administrator a report covering all computations
and tests required in connection with calibration of flight instruments and correction of test results to standard at-
mospherie conditions, The inspector will conduet any flight tests which appear to him to be necessary in order to
check the calibration and correction report or to determine the airworthiness of the airplane.

The calibration report of powerplant Instruments, loading schedule, and proposed flight test
program shall be submitted by the applicant in addition to those specified in 04.7203,

04.721 Loading conditions. The loading conditions used in performance tests shall be such asz to cover the
range of loads and center of gravity positions for which the airplane is to be eertificated.

04.7210 TUse of ballasi. Ballast may be used to enable airplanes to comply with the flight requirements as
to longitudinal stability, balanee and landing, in accordanee with the following provisions:

04.72100 (1) Ballast shall not be used for this purpose in airplanes having a gross weight of less than 5,000
pounds nor in airplanes with a total scating capaeity of less than 7 persens,

04.72101 (b} The place or places for carrying ballast shall be properly designed and installed and plainly
marked,

04.72102 (¢) The loading schedule which will accompany each certificate issucd for an airplane requiring
special loading of thiz type shall be conspicuously posted in either the pilot’s compartment or in or adjacent to the
ballast compartments and striet compliance therewith will be required of the airplane aperator.

Ballast should not be used, for the purpose of enabling compliance with airworthiness require-
ments, in airplanes having a gross weight of less than 5,000 pounds nor in airplanes with a total
seating capacity of less than 7 persons. This provision is not intended to include fixed or permanent
ballast where the attachment and supporting structure have been approved by the CAA Aircraft
Engineering Division and a suitable placard provided, nor is it intended to prohibit the practice of
placarding baggage compartments or fuel tanks for reduced capacities. Where removable ballast
is permitted in aireraft with a gross load of 5,000 pounds or over, the place or places for carrying
guch should be properly designed and installed and plainly marked.

04.7211 Fuel to be earried. When low fuel adversely affects balance or stability, the airplane shall be so
tested as to simulate the condition existing when the amount of fuel en board does not exceed one gallon for every
12 maximum (except take-off) horsepower of the engine or engines installed thereon. When the engine {s limited
to a lower power, the latter shall be used in eomputing low fuel.

This is interpreted to mean that tests with low fuel should be made only for the purpose of
demonstrating compliance with requirements pertaining to flight and handling characteristics or
performance and is not intended for use in tests to demonstrate the efficiency of the fuel system or
for certification.
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04.722 Maximum airspeed. The flight tests shall include steady flight in relatively smooth air at the design
gliding speed (V) for which complianee with the structural loading requirements (§ 04.21) has been proved, except
that they need not involve speeds in excess of 1.33 V¥ (§ 04.111), provided that the operation limits are corre-
spondingly fixed (sec § 04.743). When high-lift deviees having nonautomatic operation are employed, the tests
shall also include steady flight at the design flap speed ¥y (§ 04.114), except that they need not involve speeds in
excess of 2 Vs (see § 04.113). In cases where the high-lift devices are automatieally operated, the tests shall cover
the range of speeds within which the devices are operative.

04.723 One engine inoperative performance. Multi-engine airplanes shall be Right tested st such aliitudes
and weights a3 are necessary, in the opinion of the Administrator, to prepare accurate data to show climbing per-
formance within the range of weight for which ceriification is sought, with the critical engine inoperative and each
other engine operating at not more than maximuin exeept take-off power. Such data when approved by the Ad-
ministrator shall be kept in the airplane at all times during flight in a place conveniently accessible to the pilot,

1. Critical Inoperative Engine

The “critical” inoperative engine is that engine which results in the lowest best rate of climb
for any multi-engine airplane when such engine is inoperative. This engine will not necessarily be
critical for controllability and trim. (See Seetion V, D, form ACA 283, ‘““T'ype Inspection Report”.)
Experience has indicated that in cases of two- and four-engine airplanes the left outboard engine
Inoperative ig usually critical for both conditions.

Acceptoble method —To eliminate the necessity of condueting sawtooth climbs at various speeds
with each engine inoperative, it is considered adequate to determine the “eritical” engine, hefore
establishing the one engine inoperative performance, by means of check climbs conducted as follows:

a. The airplane weight may be any weight except that the loading should not be such as to
be more unfavorable to one engine than to the other(s}). In cases where some uncertainty exists
regarding this matter the standard gross weight should be used.

b. Check climbs should be conducted on the same day, and, if possible, on the same flight;
in any event, under as nearly identical conditions as is practicable regarding the weight of the
airplane during each climb, altitude, airspeed, and the condition on the operative and inoperative
engines in order that the minimum amount of correction to the observed data will be necessary to
establish the identity of the critical engine.

¢. It is considered desirable in all cases to conduct the check climbs at airplane weights so
that the weight correction will not be necessary. It should be noted that an sirplane weight change
of 1 percent may affect the rate of cimb by an increment of approximately 15 feet per minute,
Therefore, in eases where the difference in rates of climb with the various engines inoperative is of
small magnitude, it becomes apparent that the weights should be carefully controlled, and partic-
ular eare should be taken to obtain asccurate results in the determination of the critical inoperative
engine on airplanes for which the usable ceiling is below the critical altitude of the engine(s), be-
cause of the pronounced effect of small increments of climb on the usable ceiling in these cases.

d. When the usable ceiling is above the eritical altitude of the engine(s), reasonable care
should be exercised in selecting the critical inoperative engine, but, since shight changes in the rate
of climb will usually affect: the usable ceiling only by an amount acceptable without further corree-
tion for weight, it will usually be considered satisfactory in such cases to select the eritical inoperative
engine on the basis ofsthe check climb data without correcting for weight if the weights during such
tests are maintained within 1 percent.

e. Usually the above may be accomplished as follows:

(1) All climbs to start at an altitude sufficiently below or above the pressure altitude
at which timing is to start to permit attaining 8 steady flight condition. Timings with
each engine inoperative are to start at the same pressure altitude.

(2) The duration of the timed portion of each climb should be at least five minutes,

(3) All elimbs are to be made at the same indicated airspeed, which should preferably
be approximately the speed for the best rate of climb. .

{(4) The operating engine(s) is (are) to be held at as nearly identical rpm’s and mani-
fold pressure readings as possible. The carburetor heater, cowl flaps, and mixture setting
arc algo to be in the same position in all climbs,

{(5) The inoperative engine(s) is (are) to be in the same condition in all cases regarding
propelicr pitch setting, cowl flap position, throttle setting, and igoition switch position.

(6) If the manufncturer has already conducted tests to indicate which engine is critical,
that engine should be cut cut last in the series of the check climbs in order that this test
be made at the reduced aircraft weight, thereby resulting in more conclusive results in
cases where the weight reduction may obscure the true result. It is to be noted that it
will generally be desirable to conduct these tests in succession with no intervening tests
and with as little delay as practicable in order that the effect of changing weight may be
kept to & minimum.,
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Correetions.—In case it is considered necessary to use the weight or other correction in obtaining
" the true rate of climb in these check climbs, it will be acceptable to make these corrections as out-
lined in Flight Engineering Report No. 3.

2. One Engine Inoperative Performance Tests

The primary purpose of the requirements of 04.723 is to obtain the information necessary to
inform the pilot of the one cngine moperative performance of the airplane under any condition
likely to be encountered following an engine failure during the life of the airplane.

Unless some special reason is involved, “such weights as are necessary” is to be the maximum
weight for which certification is sought. Tn order to accomplish this purpose it is necessary that
sawtooth chmbs be conducted. The nature and number of these sawtooth climbs should be the
same as those described under 04.702 for the third purpose involved, except that the critical engine
a8 determined immediately above is to be inoperative and the airplane is to be otherwise in the
condition most favorable to climb, i. e., flaps retracted, inoperative propeller feathered or wind-
milling in high pitch. Cowl flaps, if present, are to be in the position that will meet the cooling
requirement for standard air temperature at the altitude at which the tests are being conducted.

In the past, the information which has been placed in the hands of the pilot concerning the one
engine inoperative performance has been limited to a usable ceiling, i. e., the altitude in standard
air at which the best rate of climb is 50 feet per minute. In order to accomplish the above purpose.
however, it is obviously necessary to go beyond this and it is requested that the applicant furnish
a chart showing the one engine inoperative best rate of climb and the corresponding true indicated
airspeed against altitude at various weights covering the range of weight at which the airplane is
likely to be operated. Provision should be made for keeping the chart, once it is approved, in the
airplane at all times in a place conveniently accessible to the pilot.

zgcgeptable Method —Same as described under 04.702 except additional data will need to be
recorded,

Corrections—The corrections necessary to determine the actual rate of climb are deseribed in
Flight Engineering Report No. 3.

. 04724 Airspeed indicator calibration. In accordance with § 04.5800, the airspeed indicator of the type
?Egllalme shall be calibrated in flight. The method of calibration used shall be subject to the approval of the
inistrator. .

04.725 Check of fuel system. The operation of the fuel system shall be cheeked in flight to determine its
effectiveness under low fuel conditions and after changing from one supply tank to another. {(See § 04.620) For
auch tests low fuel is defined as approximately 15 minufes’ supply in each tank tested at the maximum (exeept
take-off) power certified.

1. General '
@. The fuel system should be checked in flicht to determine that it will feed satisfactorily
in climbs at the best angle of climb speed and at the best gliding angle. Moderate rolls, slips and
skids as might be made accidentally In the above climbs and ghdes with low fuel should not cause
the engine(s) to cut out. The system should also feed promptly after one tank has run dry and the
other tank s turned on.

b. Low fuel for the purposea of fuel system tests in flight is defined as approximately (METO
HP =+ 40) gallons in the tank tested. Each tank will be tested unless the arrangement of the
system indicates identical results would be obtained. Special rulings will apply in cases of fuel
systems with several small tanks which would result in an unreasonably large amount of residual
fuel. Tf the fuel system hasg only one tank, the engineering inspector may at his discration during
official tests request the installation of a temporary auxiliary fuel tank for low fuel flight tests in
order to avoid the possibility of a forced landing due to lack of fuel,

¢. Fuel systems of single engine aircraft shall not be considered satisfactory if more than
10 seconds elapse after changing over from a tank which has run dry in flight, before the engine
resumes full power operation. ' .

d. Systems with tank outlets and vents intcrconnected and so arranged that it is impossible
to fead from each tank individually should be treated as single tank systems.

2. Accepiable Method

Single or indiwidual tank tests—(1) Flight tests should be conducted with fuel arranged in the
tanks so that each tank can be tested separately with low fuel but always with a safe amount of
fuel in another tank. (2) If the aircraft has only one tank, the take-off will be made with a safe
amount of fuel and the tests conducted with low fuel as defined above. (3) The tests should be
conducted by changing over to the tank with low fuel after a safc altitude is reached. Each position
or attitude should be maintained for a period sufficient to interrupt flow at the carburetor should
the feed ports be uncovered. (4) Tests should include steady climbs with maximum permissible
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power in the attitude of best angle of climb and in glides at approximately the best gliding angle.
Flaps, if installed, should be extended in glide. Banks involving moderate slipping and skidding
should also be executed in the climbs and glides. The system should also be investigated for the
effect of acceleration as would oceur during take-offs and flight maneuvers. If tests are considered
necessary, the take-off condition can be checked on the ground by accelerating rapidly to take-off
speed with low fuel n the tank. The take-off should not continue beyond this point.

Multi-tank system.—In the case of g multi-tank gystem, the tests should be continued until
the engine cuts out or the tank runs dry. (Tests of single tank systems should not be continued
beyond the point where the low fuel supply is reached.) The time required to regain normal
power, with and without the use of the suxiliary pump, after the fuel valve has been changed to
another tank containing ample fuel must be recorded. The time should not exceed 10 seconds for
single engine airplanes.

Residual fuel—The amount of fuel {exclusive of sump capacity) in the tank after the engine
has cut out should be recorded. Immediately upon landing, after conducting this test, the gas
remaining in the tank that has been tested should be drained and the amount recorded in pounds
or gallons or [raction thereof. Adjustments should be made on the individual gasoline gauge of
this tank so that the amount drained will not register as reserve gas. The amount of gas remaining
in the tested tank should be included in the empty weight of the aircraft as far as certification
purposes are concerned. ‘

Take-off and lasding tank only.—In the case of aircraft using more than one fuel tank, where
that aircraft is placarded for take-offs and landings on one (or more) tanks only, the auxiliary tanks
may be considered acceptable when tested for the level flight, elimb, and glide conditions only.

04.73 PERFORMANCE CHARACTERISTICS OF AIR CARRIER AIRCRAFT.

No air ecarrier shall operate aircraft in seheduled air transportation unless data shall have been submitted to
and approved by the Administrator, covering the determination of such performance characteristics, in addition
10 those specified in §§ 04.70, 04.71, and 04.72, as are, in the opinion of the Administrator, necessary to determine
the ability of such aireraft to safely performn the type of operation which the air carrier proposes to conduct. The
method used for the determination of such ability shall be subject to the approval of the Administrator.

04.74 OPERATION LIMITATIONS,

04.740 Weight. Non-air-carrier airplanes may be certificated at & maximum authorized weight which iz not
sufficient t0 permit earrying simultaneously the full fuel and full pay load, provided that such weight shall be
sufficient to provide a gascline load of at leasi 0.15 gallon per certified maximum (except take-off) horsepower, with
all seats oceupied and with sufficient oil for this amount of fuel.

04.741 Provisional weight (Air carrier airplanes). (Sec § 04.71)

04,742 Center of gravity limitations, The maximum variation in the location of the eenter of gravity for
which the airplane is certificated to be airworthy shall be established. Means shall be provided, when necessary in
the opinion of the Administrator, by which the operator is suitably informed of the permissible loading conditions
which result in & center of gravity within the certified range.

1. General (Also see “Performance’”, 04.70.)

a. The C@G limits will usually be established during the course of official type inspection
tests and are based upon compliance with one or more of the requirements for flight characteristics.
The aft limit is usua,ﬁy the most rearward with which compliance with the longitudinal stability,
stalling, or spinning requirements is demonstrated. The forward limit is usually the most forward
with which satisfactory take-off or landing or compliance with the balance requirements in a glide
_or climb arc demonstrated, {Also sce discussions under 04.704, 04.705, 04.706.)

b. The applicant should sclect the desired limits with which he proposes to demonstrata
comphliance. In case such compliance is shown without difficulty, no information is gained as to
the absolute limits at which compliance is barely possible. Since in the future, the applicant
may wish to alter the approved limits, and unless the absolute limits have been determined at the
time of the original offictal type inspection, approval of altered limits will require further testing.
For these reasons, the applicant should determine these absolute limits on all new designs.

2. Acceptable Method

a. To provide “means . . . by which the operator is suitably informed . . . " is interpreted
as g placard or system of placards either self-contained or referring to a loading schedule which
defines all possible permissible loading conditions, Such is required when it is possible to =0 load
the airplane with useful load andjor equipment for which provision has been made in the design
as to exceed the C'G limits for which the airplane is certifieated.

b. Verylittle can be written in the way of specifie instructions because the conditions actually
encountered may vary enormously. In general, every effort should be made to eliminate the
necessity for the placard(s) but, failing this, the placards should be made as simple as possible
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without impairing their effectiveness. In some cases the placards required by 04.465 can be made
to accomplish the purpose. In cases where a loading schedule is required which is too involved
to become a placard, it is recommended that those points on or in the airplane such as fuel tanks,
seats, baggage or cargo compartments, etc., which are involved in the schedule, bear placards
referring to the schedule. :

¢. Although no standard form for loading schedule is specified, the following must be in-
cluded: (1) The date of issuance. (2) The serial number of the airplane.  (3) The “NC’ number,
if known. (4) The empty weight and the equipment included therein. (5) The location of all
items of removable equipment. (6) The Note: “When baggage or cargo is not available, ballast
equal to the minimum specified must be carried.”” (7) The Note: ‘“Before adding, removing, or
relocating any item of equipment, contact a CAA inspector.” (8) The signature of the engineer
responsible for the preparation of the schedule, (9) Space for the signature of Chief, Aircraft
Engineering Branch., (10) Consideration of maximum possible and minimum required fuel and
the appropriate oil capacities. _

. A resumé of the preliminary work involved in the preparation of the schedule must accom-
pany the weight and balance report at the time of official tests.

04.743 Airspeed limitations. Maximum operation limitations will be incorporated in the aireraft certificate
and will specify the indicated airspeeds which shall not be exceeded in level and climbing flight (§ 04.111), in gliding
and diving flight, and with flaps extended. The values in gliding flight and with flaps extended will be 10 percent
less than the corresponding maximum airspeeds attained in flight tests in accordance with § 04722,

(4.744 Powerplant limitations. Maximum operational limitations will be ineorporated in the aircraft eertifi-
cate and will specify powerplant outputs on take-off {§ 04.260), in climbing flight, and for all operations other than
take-off and elimbing flight {§ 04.105). The output, except for take-off, shall not exceed that corresponding to the
maximum (except take-off) rating of the engine installed. For the above purposes no specified output will be in
gzeggs ofd té):t 1('.)or"rersponding to the limits imposed by either the pertinent engine or propeller certification. (See §§

.60 an 61,

04.75-T PERFORMANCE REQUIREMENTS FOR TRANSPORT CATEGORY AIRPLANES.
The following requirements shall apply in place of §§ 04.700 to 04.706, inclusive:

As a result of discussion during the development of the transport eategory requirements, it has
been conceded that any sirplane suitable for * transport’” purposes should be a mulii-engine airplane,
and that airplanes with the high landing speeds that would be permitted by the transport regulations
should be able to lose the power from one engine and still reach a proposed landing area. The regu-
Iations are therefore such that single engine airplanes are ineligible for certification in the category.
This aspect of the regulations is reflected by various rates of climb required with one engine in-
operative. CAR 40.2 requires that any new type airplane introduced into scheduled air carrier
passenger operation must have been certificated in the transport category and CAR 61.712 imposes
certain operating limitations upon such airplanes. These operating limitations are applicable to
any part of any route lown by the airplane and take the form of specifying, in terms of the weight
at which the airplane may be operated, a relation which must exist between certain items of per-
formance measured as a part of the process of type certification and the dimensions of the route over
which the airplane is operated.

The use of aircraft certificated under this categoryis not, however, confined to air carriers. For
this reason the regulations include a set of minimum requirements for certification in the category.
In the general case in which the applicant for certification anticipates the use of the airplane
in scheduled passenger cperation and subject to the operating requirements contained in CAR
61.712, it will be necessary to consider all or the extreme values of weight, altitude, and such other
variables as are involved in the application of these requirements. The performance information
obtained in demonstrating compliance with the minimum requirements for certification in the
category would limit the use of the airplane in scheduled passenger operation to sea level airports
and to routes covering no terrain of greater altitude than 4,000 feet, and would require the imposi-
tion of the operating limitations of CAR 61.712 at the maximum weights selected for that purpose.
If the airplane is not used for scheduled passenger operation the minimum performance information
required is necessary in order that the pilot may intclligently operate the airplane. It is for this
resson, as well as for the reason that the information is necessary in order to comply with the operat-
ing requirements, that an operating manual must be furnished for each airplane which must contain
certain of the performance information required for, and determined during, certification.

The fundamental distinction between the requirements of the transport category and those
applicable to all airplanes, may perhaps be most aptly identified in terms of certain options, which
must be exercised by the applicant for certification in the transport category prior to or at the time
of his application. ‘These options follow,
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1. The selection of the range of weight and altitude to be covered by the flight testing required for
certiflcatzon.—This selection must be based upon the extent to which the applicant for certification
is concerned with the operating limitations which will be imposed upon the airplane as a result. If
the applicant is not concerned with this point, he may elect to conduect only the flight test required
to demonstrate compliance with the minimum performance requirements contained in 04.750-T
together with those required to demonstrate compliance with the flight characteristics and other
requirements. If the airplane is not 1o be used for scheduled air carrier passenger operation, or if
it is practicable to limit the operation of the airplane by a scheduled air carrier to sea level airports
containing runways of ample length and to terrain altitude not in excess of 4,000 feet, this procedure
appears salisfactory. It should be noted that this latter case could quite casily apply to a flying
boat in scheduled operation. Tf, the applicant wishes to provide for the greatest possible flexi-
bility in the matier of compliance with the operation limitations contained in CAR 61.712, consider-
ably more performance measurement will be necessary. It may be entirely practicable, for example,
for operation over routes involving appreciable differences in the altitude of airports along it, to
take advantage of the improvement in performance which is possible by means of reducing the
weight at which the airplane is operated. It may also be desirable to alter the various flap settings
n order to improve the climbing performance at a given weight while not exceeding the limitations
upon stalling speed at that weight. 1In cases such as these, it wili be necessary to determine by
flight testing and calculation, the effect of weight, altitude, and flap setting, throughout the range
of each for which it is desired to provide, upon the take-off, landing, and climbing performance and
to include this information in the operation manual. This selection must obvicusly be left to the
applicant since, even though he may find 1t difficult to anticipate the uses to which the airplane
may subscquently be put, he is nevertheless in better position to forecast this than anyone else.

2. The selection of the weight range to be covered by the terms of the certification.—This selection is
closely related to the option above and must be based upen essentially the same considerations.
The simplest possible selection of weights is a gsingle maximum weight o be used both for take-off
and landing and as & basis for the imposition of the eperating limitations. The next simplest choice
would appear to be a maximum take-off weight and a maximum landing weight differing from take-
off weight. This requires the installation of fucl dumping equipment of sufficient capacity to reduce
the weight of the airplane from the maximum take-off weight to the maximum landing weight in
not more than ten minutes. The operating limitations may then be based upon the assumption
that these two weights exist throughout each flight, The most flexible possible arrangement in the
matter of weights 18 provided by selecting a range of weights for take-off and a range for landing,
and determinmg the performance as functions of these weights in order that, for the purpose of
showing compliance with the operating limitations, any weight within these ranges may beselected
to fit the requircinents of & particular route. 1f is obvious that this selection should he left with
the applicant.

3. The selection of the range of altitude fo be covered by the terms of the ecertification.—This is also
closely related to option 1 and is analogous in its nature to option 2. The simplest possible selection
is that indicated by the minimum performance requirements contained in (4.750-T; namely, sea
level for the purposes of the determination of the take-off and landing distances and certain of the
rates of climb and 5,000 feet for the purpose of determining the “cn route” one engine inoperative
- rate of climb. The selection providing the greatest possible flexibility is to determine these items
of performance over a range of altitude great enough to cover all anticipated routes over which
the airplane may be operated.

4. The selection of the wing flap positions desired for certification.—04,7512-T requires that the flap
control indicate a “retracted,” a “take-off,”” an “approach,” and a “landing” position and it may
be noted that it is required that various items of performance be determined at each of these flap
positions. 1t is also required that the stalling speed with the flap in the “approach’” position must
not exceed 85 mph, and that the stalling speed with the flap in the “landing’ position must not exceed
80 mph. Obviously, no plans for flight testing may be made until these positions are selected
unless the applicant wishes to investigate systematically the cffect of flap position upon each or
several of the items of performance which must be determined at the nominal position to be selected.
This sclection may therefore be seen also to be related to option 1 and possibly to option 2.

5. The selection of the critical speed to be used in the determination of the take-off distance required
by 04.7582-T-~-'This is discussed in the text associated with 04.7532-T.

The practical effect of these selections is that, by making them, the applicant defines, in terms
of the elements involved therein, the area to be covered by the terms of the type certificate and
thereby the limits of airplane weight and airport altitude within which the airplane may be operated
by a scheduled air carrier in compliance with the requirements of CAR 61.712,
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Inspection and tests—In addition to the procedure outlined under 04.03, the applicant for type
certification of a transport plane should give the CAA the following information:

Prior to commencement of construction of any part of the airplane, notice of the intention to
begin such eonstruction and of the approximate date upon which it is to be undertaken should be
given to the CAA in order that arrangements may be made for the necessary inspection during the
course of construction of the entirve airplane,

Prior to the commencement of any flying of the airplane, the applicant should notify the CAA
of the approximate date upon which such flights are to begin. 1If this is done, the CAA representa-
tives may observe such of this preliminary flying as may be deemed expedient in order that such
obzerved data as may appear to be adequate for reducing the extent of official flight testing and also
the amount of flying which might otherwise be necessary in order that the applicant submit a com-
plete flight test report prior to the submission of the airplane for official flight tests.

Prior to the presentation of the airplane for the official type inspection, the applicant should
submit to the CAA a proposed program which will indicate at least the following:

@. The area, defined by the several selections {described under 04.75-T) to be covered
by the terms of the type certification.

b. A flight test program which will elearly indicate all of the tests it is proposed to con-
duct; the order in which they are to be conducted ; the purpose of each such test; and for each,
the airplane weight, C@ position, flap setting, power to be drawn, and, where appropriate,
the altitude, the trim speed(s) and the speed(s) or speed range to be investigated. It is
sugeested that this program will be most useful if, for each section of the CAR requiring
flight tests, it indicates the tests proposed and also indicates in order, each flight to be made
and, for each, in order, the tests to be conducted. _

¢. A description of the method (s) which the applicant proposes to use in order to reduce
the observed data to standard conditions.

d. A statement of any intention on the part of the applicant to resort to calculation in
Lien of, or for the purpose of generalizing test data, together with a description of the data
upon which these calculations are to be based and the methods to be used therein.

Sinee it will require time for the CAA to determine the adequacy of this entire program, it is
strongly recommended that it be submitted as early as practicable, Otherwise, the commencement
of the testing may be delayed.

During the type inspection the applicant must, of course, make available the airplane for that
purpose as well ag all of the personnel and equipment necessary to obtain the required data. The
CAA possesses certain indicating instruments which may be used for this purpoes such as, for ex-
ample, a trailing bomb, sensitive altimeters, stop watches, carbon monoxide indicators, etc., as well
as photographic equipment for measuring take-off and landing flight paths. It is, therefore, recom-
mended that the matier of instrumentation be discussed with the CAA prior to any decision as to
the detailed flight test program.

Upon the completion of the type inspection, the applicant should prepare the information
necessary to show compliance with the requirements and the airplane operating manual required
by 04.755 and submit them to the CAA as promptly as possible. Promptness is necessary in order
that these data may be examined and a decision concerning the eligibility of the airplane for, and
the appropriate terms of, type certification may be taken within the 60 day period beyvond which
the airworthiness certificate s valid indefinitely unless revoked. Otherwise it may be necessary
to suspend the certificate at the end of the 60 days until this process can be completed, No sched-
uled air carrier operation of the airplane will be authorized until the process of type certification
has been completed.

04,750-T Minimum requirements for certification. An airplane may be certificated under the provisions
of § 04.75-T, upon there having been established, in accordance with the terms of that section: (@) A maximum
take-off weight at sea level; (b) A maximum landing weight at sea level; (¢} A maximum one-engine—inoperative
operating altitude (as defined in § 04.7513-T), which shall be at least 5,000 feet at a weight equal to the maximum
sea level take-off weight: (d) Take-off characteristics at maximum sea level take-off weight, and landing charac-
teristics at maximum sea level landing weight, in accordance with the provisions of §§ 04.7532-T and 04.7533-T;
and (¢) Compliance with the requirements of all other applicable parts of the Regulations,

If & certificate is issued under these conditions, it may be amended from time to time to include landing and
take-off weights over an increased range of altitudes, and other pertinent performance data, ineluding additional
landing and take-off characteristics obtained in accordance with the provisions of §§ 04.7532-T and 04.7533-T.

The primary significance of this requirement is that it provides means by which an airplane
may be certificated in the Transport Category even though it may not subsequently be placed in
scheduled passenger carrying operation, and, as a result of such, be subjected to the operating
rules of CAR 61.712. Tiems (a), (8), (¢}, and (d), simply define a minimum number of weights
and altitudes at which the performance must be determined. Item (¢) means simply that the
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PERFORMANCE 04,7512-T

airplane must, at these weights and altitudes, comply with all the applicable requirements (see
04.01, 04.70, and 04.75-T).

The amendment to the certificate to which the last paragraph of this requirement refers
will in practice be the revision of the Airplane Operaling Manua.{; required by 04.755-T to include
‘the performance information corresponding with other weights or altitudes.

04.751-T Definitions.

04.7511-T ~Stalling speeds. In the following sub-sections of §04.75-T:

Vi, denotes the true indieated stalling speed of the airplane in miles per hour with engines idling, throttles
elosed, propellers in low pitch, landing gear extended, flaps in the “landing position,” as defined in § 04.7512-T,
cowl flaps elosed, center of gravity in the most unfavorable position within the allowable landing range, and the
weight of the airplane equal to the weight in connection with which V) is being used as a factor to determine a
required performance,

V., denotes the true indieated stalling speed in miles per hour with engines idling, throttles closed, propellers
in low pitch, and with the airplane in all other respects {flaps, landing gear; ete.) in the condition existing in the
particular test in connection with which V., is being used.

The text of this requirement is believed to be quite clear. The speeds are so formally defined
because they become the basis for the specification in the following regulations of other speeds
as multiples of these and required rates of climb as multiples of their squares. These stalling
speeds are defined as “throttles closed” because greater consistency may be expected among the
results of successive attempts to measure them than from attempts when appreciable power is
drawn and they are, therefore, more useful for their basic purpose. Since the effect of power
is ordinarily to decrease the stalling speed, they are also conservative for these purposes.

All stalling speeds required to be investigated are measured by means of flight tests by first
calibrating the sirplane air speed indicator by flying over a measured course at various indieator
readings or using a trailing bomb, then stalling the airplane, following the procedure of 04.7543—T.
The stalling speed is the lowest indicator reading observed during steady controlled flight following
this process, corrected by the results of the calibration.

04.7512-T Flap positions. The flap positions denoted respectively as the landing position, approach position,
and take-off position are those provided for in § 04.434-T, and may be made variable with weight and altitude in
accordance with that section.

The flap positions corresponding with the flap control settings required by 04.434-T are open
to selection by the applicant. The only regulatory restrictions upon this selection are that, once
~ made, the weight at which the airplane may be operated must not exceed that at which the maxi-
mum stalling speeds (04.7530-T) and the minimum rates of elimb (04.7531-T) are equalled, or, in
scheduled operation, that at which the take-off (CAR 61.7122) and landing (CAR 61.7123) limita-
tions are equalled.

The simplest possible choice would appear to be the retracted flap position for “take-off” and
“approach’” and the fully extended position for “landing”. This conforms to most of the past practice
in the use of flaps and requires a comparatively simple control mechanism. If, however, the air-
plane hag been so designed that the maximum take-off and landing weights are limited by the re-
quired rates of climb at sea level, these weights will be reduced more rapidly with increaging alti-
tude than would otherwise be required since the effect of a given small change in flap position upon
the maximum weight permitted by the ¢limb requirements is generally appreciably greater than its
effect upon the maximum weight determined by the stalling speed requirements. Also, it is very
possible that, for an airplane so designed, the distance required to accelerate during take-off to the
minimum required speed and stop, may, at a given weight (less than the maximum), greatly exceed
the distance required to reach a height of 50 feet. (See 04.75320-T and 04.75321-T.) Since the
scheduled operation of the airplane will be limited to weights such that the greater of these two
distances does not exceed the length of the take-off runway, it may be advantageous to use a
“take-off’” flap position such as to make these two distances more nearly equal. This could be
done by using some flap extension since with increasing extension the specd to which the airplane
must be accelerated may be reduced (see 04.75320-T) and the drag during the deceleration run
will probably be increased both of which will, at & given weight, reduce the accelerate-stop dis-
tance. Flap extension would also decrease the stalling speed, and, therefore, the required rate
of elimb, as well ag decrease the available rate of climb, but the net result would normally be an
increase in the distance required to attain 50 feet of height. The optimum take-off” flap posi-
tion for a given weight; i. e., the position which would require a minimum runway length, would
bea  itio which would make these two distances equal.

155



04.7513~-T
04.752-T AIRPLANE AIRWORTHINESS

The most complicated selection would be one permitting the airplane to carry the maximum
possible weight allowed by the operating limitations of CAR 61.712 at any altitude for any pos-
sible runway length. Such flexibility in operation would, however, require secondary flap con-
trol systems of such complexity as to present a substantial design problem.

The selection of flap positions will also influence the nature and extent of the flisht testing
required for type certification. I, for example, a single flap position be used for each of the required
control settings, it is only necessary to measure the stalling speeds at one weight and rates of
climb at such weights and altitudes as may be necessary to cover the range of cach for which
the applicant wishes the airplane certificated. 1If, on the other hand, & number of flap positions
are to be used for one or all of the required control settings, dependent upon altitude, runway
length or other parameter, it will be necessary to measure stalling speed and climbing and other
performance at each such position or at a suflicient number of these to permit the determination
of the performance at all of them by interpolation or other suitable means.

04.7513-T Maximum one-engine-ineperative operating altitude (to be determined in complying with § 04,723)
shall be the altitude in standard air at which the steady rate of climb in feet per minute is 0.02 V, 2 with the critical

engine inoperative, its propeller stopped, all other engines operating at the maximum-execpt-talke-off power available
at =uch altitude, the landing gear retracted, and the flaps in the most favorable position.

This requirement in its effect defines & minimum rate of climb which is acceptable as evidence
of the ability of the airplane to maintain altitude in spite of the failure of an engine during eruising
flight. The altitude, in standard air, at which this rate of climb exists under the conditions here
specified becomes the basis for the operating rule specified in CAR 61.7125. The required rate of
climb has been related to the stalling specd because the ability of the airplane to reach an intended
point for landing is approximately proportional to the rate of climb; the failure to do so may result
in & forced landing during which any damage done to the sirplane or its eontents iz assumed to be
related to the kinetic energy which must be absorbed; and this energy is proportional to V2

04.723 also applies to the Transport Category and the data obtained from the testing required
by that requirement are adequate to establish the maximum one-engine-moperative operating
altitude and its variation with airplane weight. The process by means of which this may be sccom-
plished is described in Flight Engincering Report No. 2. The testing required at each altitude and
weight is outlined in 04.723. 'The nature of this testing and an acceptable method by means of
which t.?\ reduce the observed data to standard conditions is described in Flight Engineering
Report No. 3.

The number of weights and altitudes at which tests must be conducted depends upon the
range of weight and altitude to be covered, the altitude characteristics of the powerplant, the con-
gisteney of the results of the testing actually conducted, ete. The number musi, however, be
great enough to establish at least the following: (1) The eritical altitude(s) of the engines for METO
power; (2) the apparent aerodynamic characteristics of the airplane; i. e,, airplane efficiency factor
“o' and parasite aren “f’7 or their equivalent; (3) the rate of change with altitude of best rate of
elimb between all critical points in the altitude history of METO power.

The absolutely minimum amount of testing which appears likely to do this is to conduct at
one intermediate weight a five speed sawtooth clinb at not less than two altitudes in any full
throttle range between adjacent pair of critical points in the altitude characteristics of the power-
plant, independently to determine all critical altitudes, and thus to establish rate of elimb versus
altitude for that weight. Experience has indicated that it is necessary to carry cut the climb
at each speed during these sawtooth climbs for at least five minutes in order to obtain dependable
results. The effcet of weight may then be calculated, by the method of Flight Engineering Report
No. 10 or it3 equivalent, at each of the critical points to establish the altitude history of elimb at
other weights,

It is recommended that compliance with this requirement be shown with the eritical flap posi-
tion required to meet the powerplant cooling requirements of 04.640. The applicant may, how-
ever, show compliance with the cowl flap position required for cooling in standard air. This will
of course require additional cooling tests to establish this latter cowl flap position.

04.752-T Weights. The maximum take-off weight and maximurn landing weight shall be established by the
applicant and may be made variable with altitude. The maximum take-off weight for any altitude shall not exceed
the maximum design weight used in the gtructural leading conditions for flight loads (§ 04.21), and shall not exceed
the design weight used in the struetural loading eonditions for ground or waterloads (8§ 04.24 and 04.25, respec-
tively} by a ratio or more thar 1.15. The maximum landing weight for any altitude shall not execed the design
weight used in the structural loading econditions for ground or water loads,
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The regulatory limitations upon the weight at which Transport Category airplanes may be
certificated are conveniently summarized beginning on page 2 of Flight Engineering Report No.
9, which indicates all the factors to be considered by the applicant prior to selecting the design
weights. This section requires the design landing weight to be not less than 87 percent of the
design take-off weight and that 04.7520-T requires the installation of dump valves if the take-off
weight exceeds the landing weight. Although not explicitly stated, the regulations as well as
practical considerations, indicate the necessity, in all cases where the take-off weight exceeds the
landing weight, of providing fuel capacity for a weight of fuel in excess of the maximum spread
between any take-off and landing weight to be authorized for any scheduled flight. Where it is
desired to use a take-off weight that exceeds the maximum allowable landing weight by more
than 15 percent, this may be accomplished by designing the airplane for landing loads corresponding
with a weight not less tgan 87 percent of the take-off weight, and by providing fuel dumping facil-
ities adequate to reduce the weight from the take-off to the landing weight in ten minutes.

04.7520-T Fuel dumping provisions. If the maximum take-off weight for any altitude execeds the maximum
landing weight for the same altitude, adeguate provision shall be made, in accordance with § 04.6, for the rapid and
safe dumping during flight of a quantity of fuel sufficient to reduce the weight of the airplane from such maximum
take-off weight to such maximum landing weight. Compliance with this requirement shall be shown by dumping
suitable colored fluids and fuel in flight tests in the following conditions: (¢) Level flight at a speed of 2.0 V., ;

{t) climb at a speed of 1.4 V,; with 75 percent of maximum-exeept-take~off power; {¢) glide with power off at a
speed of 1.4 V.

In conditions (g} and (b), the time required to dump the necessary amount of fuel shall not exceed 10 minutes.
During such tests, the dumped fluid shall not eome in contact with any portion of the aircraft or adverzely affect its
control; nor shall any fumes from such fluid enter any portion of the aireraft.

The basic purpose of these tests is to determine that the required amount of fuel may be safely
jettisoned under reasonably anticipated .operating conditions within the prescribed time limt
without danger from fire, explosion or adverse effects on flight characteristics.

To demonstrate compliance with the fuel dumping time limit, the tanks should be so selected
and loaded that the result will be the most critical condition permissible within the contemplated
fuel loading limitations. An appropriate placard will be required in the event fuel dumping with
the flaps extended results in any adverse effect on the flow pattern or the flap structure. In the
event that the fuel flow pattern may be adversely affected when the critical engine is inoperative
and its propeller feathered or stopped, additional tests shall be conducted in this latter configuration
at a speed of 1.47V/,; with METO horsepower on.the remsaining engine(s). The time limit as
specified above will also be applicable in this case. During the tests, reasonably anticipated rough
air conditions will be simulated.

04.753-T Required performance and performance determinations. Performance dats sghall be corrected to
standard atmosphere and still air where such corrections are applicable. Performance data may be determined by
caleulation from basic fiight tests if the results of such caleulation are substantially equal in accuracy to the results
of direct tests.

“The items of performance which are governed by minima or otherwise required to be deter-
mined hereunder, all involve one or more of the following basic regimes: (1) The airplane being
accelerated along the ground from rest to come specified airspeed; (2) The airplane climbing or
gliding steadily; (3) The airplane being decelerated along the ground from some specified air-
speed, or a contact speed during landing to rest. :

The fundamental nature of these operating regimes is indicated in Flight Engineering Reports
Nos. 7, 3, and 1, respectively, which also contamn or discuss acceptable methods by means of
which to correct the observed data to standard conditions, Flight Engineering Reports Nos. 9and 10
indicate methods by means of which the required performance may be caleulated for various
weights and altitudes once it is established for one weight and certain altitudes and the former
of these two reports sheds considerable light upon the nature and extent of the testing required
to establish the required performance.
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The take-off flight path, specified hereunder, ignores the transition which, in any real take-
off, must take place between linear acceleration along the runway to steady climbing flight because
no significant error is ordinarily introduced by doing so. The landing flight path does not, how-
ever, ignore the corresponding transition from steady gliding flight to deceleration along the
ground. The nature of these transitions is discussed in an article, “An Approximate Method to
Predict the Transition or ‘Flare’ Flight Path in the Take-off or Landing of an Airplane” in the
November 1941 issue of the Journal of the Aeronautical Sclences,

The only information available to the CAA concerning the accuracy of the results of direct
tests undertaken to determine any one of these three basic items of performance is the consistency
of the results of successive attempts to measure any of them. The results of such tests for the
distance required to accelerate along the ground to some selected speed indicate very great con-
sistency. Figure 19 of Flight Engineering Report No. 7 shows, for example, that when the results
of five scparate measurements are plotted as velocity against distance, the points for all practical
purposes, define a single curve. This is believed to indicate comparatively great accuracy in estab-
lishing such a distance. The case of rate of climb is not so fortunate. The information available
is by no means conclusive, but it does indicate the rate of climb cannot be established by direct
festing within such close limits of precision, and that rather extensive flight test data are likely
to be necessary in order to establish representative values of this item of performance. The case
of deceleration along the ground has also proven to be troublesome. There are really two cases
to be considered. The first of these is the deceleration following contact during a landing. Flight
Engineering Report No. 1 contains the results of 38 landings made with one airplane, and the
diseussion beginning on page 39 of that report, plus the tabulation of corrected results on page 67
of the report, will indicate the order of consistency of the effective constant deceleration involved.
The other case is deccleration following the abrupt stopping of the engines simulating the case
of engine failure during the take-off. Flight Engineering Report No. 7 contains the results of
several attempts to measure this distance from various speeds. These results appear in figure 24
of that report. There are a number of reasons for the dispersion of these results, the more impor-
tant of which appear to be the condition of the brakes and the consistency of the pilot technique.

The variation of the probable accuracy of the measurement of these three basic items of per-
formance produce a corresponding variation in the amount of direct testing which would be required
to establish them. In the case of the distance required to accelerate to a speed, for example, it is
believed the results of three separate attempts would probably be definitive. The smount of
testing required to establish the rate of climb at one weight throughout the range of altitude has
already been discussed under 04.7513-T above. It is difficult to be very specific concerning the
amount of testing required to establish the distance required to decelerate from a given speed.
It is considered unlikely, however, that a representative value could be established by means of
less than five consecutive attempts to measure the distance required to decelerate from a given
speed.

04.7530-T Stalling speed requirements. (a) V,, at maximum landing weight shall not exceed 80 miles per
hour; (b} V., at maximum landing weight, flaps in the approach position, landing gear extended, and center of
gravity in the most unfavorable position permitted for Janding, shall not exceed 85 miles per hour,

The limitations which are imposed by the above requirements upon the stalling speeds have
been dictated primarily by the effect of the speeds at which it is necessary that the airplane be
operated during an approach and landing under adverse weather conditions, upon the safety of
that operation. All of the airplanes which had been used in civil operation had, at the time these
regulations were written, been designed to comply with a maximum landing speed requirement.
which had in no case exceeded 70 mph where passengers were to be carried in the airplane. Even
though there are contained in the entire set of Transport Category requirements other but less
direct limitations upon these stalling speeds, it was considered unwise to abandon any direct
limitation hecause the alternative limitations are not absolute and it is, therefore, possible by the
installation of a sufficient amount of power in an airplane and by the provision of airports having
runways long enough, to design an airplane having stalling speeds far in excess of those with which
we have been familiar.

The purpose of (@) of this requirement is to prevent the necessity of making contact at very
high speeds during landing. The purpose of (b) is basically to provide a margin of speed between
the stalling speed and the maximum which it is believed may be safely used during the instrument.
let-down and approach procedure. ‘This margin is such as to provide for an acceleration of 2.,
corresponding with a 60° banked turn at 120 mph without stalling. It should be noted that
these are true indicated airspeeds as defined in 04.7511-T.
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These stalling speeds must be established by flight tests at at least one airplane weight, ordi-
narily the maximum landing weight.

04.7531-T Climb reguirements. In the ¢limb tests required by this section, the engine cowl flaps, or other
means of controlling the engine eooling air supply, shall be in a position which will provide adequate cooling with
mazimum-except-take-off power at best climbing speed under standard atmospheric conditions,

{a) Flaps in landing position—The steady rate of climb in feet per minute, at any altitude within the range
for which landing weight is to be specified in the certificate, with the weight equal to maximum landing weight
for that altitude, all engines operating at the take-off power available at such altitude, landing gear extended, center
of gravity in the most unfavorable pogition permitted for landing, and flaps in the landing position, shall be at least
0.07 V2

(b) Flaps in approach position.—The steady rate of climb in feet per minute, at any altitude within the rang®
for which landing weight is to be speeified in the ceriificate, with the weight equal to maximum landing weight for
that altitude, the critical engine inoperative, its propeller stopped, all other engines operating at the take-off power
available at such altitude, the landing gear retracted, center of gravity in the most unfavorable position permitted
for landing, and the flaps in the approach position, shall be at least 0.04 V, 2

{c) Flaps in take-off position.—The steady rate of climb in feet per

minute, at any altitude within the range for which take-off weight is to be -
specified in the certificate, with the weight equal to maximum take-off Stalling Rate of climb
weight for that altitude, the speed equal to the minimum take-off climb speed 002V | 0.ve | porvs
speed permitted in §04,75320-T (b}, the critical engine inoperative, its

praopeller windmilling with the propeller eontrol in a positions which would gg g? }g? ézg
allow the engine (if operating normally and within approved limits) to &0 72 144 o5
develop at least 50 percent of maximum-except-take-off engine speed, all other 65 85 169 208
engines operating at the take-off power available at such altitude, the land- . ;g l‘-;g gg gﬁ
ing gear retracted, center of gravity in the most unfavorable position 80 198 254 448
permitted for take-off, and the flaps in the take-off position, shall be at

least 0.035 V.2

This requirement specifies a minimum rate of climb for each of three airplanes’ configurations,
representative of three different operating conditions certain to be encountered in the use of the
airplane. These rates have been specified with two basic purposes in mind. The first of these, is
thati they are believed to be a minimum which will guarantee the ability of the airplane to perform
any necessary maneuver safely. The other is that they penalize the extreme use of wing flaps for
the purpose either of complying with the stalling speed requirements, or of establishing the minimum
possible take-off distance at the greatest possible weight. The use of a comparatively great
amount of flap during the landing increases the difficulty in exceuting the landing: first, becanse it
increases the rate of descent at a given approach speed, and second, because it results in a trim
with the nose of the airplane lower than would be required without or with lesser flap such that the
rotation of the airplane about its lateral axis, which is involved in the final stage of a landing, must
take place over a greater angular range.” These rates of climb are also related to stalling speed
for essentially the same reason as has been stated in the discussion of 04.7513-T.

The nature and extent of flight testing required to establish these rates of climb depend upon
the range of weight and altitude for which it is desired the sirplane be certificated. If a moderata
range of altitude (sea level to 5 or 6,000 feet) is involved, and if, also, the testing specified under
04.7513-T has been conducted, a five speed sawtooth climb at a single weight and altitude for
each of these three confizurations will probably be adequate to establish values of airplane offi-
ciency factor ¢ and airplanc parasite area f. It should be noted, however, that the effect of the
slipstream upon the apparent aerodynamic characteristics of the airplane will vary with altitude
and if there is any great variation in horsepower available over the range of altitude involved it
may be necessary to investigate more than oune altitude.

Flaps in landing position—The airplane configuration here specified is that ordinarily used
in the final stages of an approach for landing and the purpose of the rate of climb here specified is
to insure that the airplane be able to “go around” for another attempt at landing in the event
conditions beyond the control of the pilot malkes this necegsary.

Flaps in approach position.—This airplane configuration is intended to represent conditions
which would probably occur during an approach for landing with one engine inoperative and the
rate of climb is intended to insure that the airplane be able to *go around’ in the event this becomes
necessary.

Flaps in take-off position.—This airplane configuration is intended to be representative of the
conditions which might be expected to oceur in the event of engine failure at about the time the
airplene leaves the ground during take-off, and the rate of climb gpecified is believed to be a reason-
able minimum which will insure the ability of the airplane to continue the take-off under such cir-
cumstances. The landing gear is specified as retracted on the assumption that the retraction will be
started at practically the instant of leaving the ground. The inoperative propeller control is
specified in a position which would allow the engine to develop at least 50 percent of maximum
except take-off engine speed upon the application of power, upon the assumption that a pilot would
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almost automatically pull the propeller pitch contrel to a comparatively low rpm setting but not -
so low that, in the event the engme recovered, practically no thrust would be available due to
the high pitch setting of the propeller.

The determination of the allowable propeller control setting for the purposes of compliance
with this requirement will ordinarily require that the airplane be flown at the speed involved in
order to determine whether the constant speed control will govern at 50 percent of maximum
except take-off rpm while drawing power at the limiting manifold pressure, the maximum cruising
BMEP recommended by the engine manufacturer, or full throttle whichever shall oceur first as the
throttle is opened. If so, this propeller control position must be noted and the tests to establish
the rate of climb conducted with the control of the inoperative engine set to this same position.
If the constant speed control will not govern while drawing power as described above; i. e., if, with
the contrel in the “minimum rpm’ position, 50 percent of METO rpm be exceeded, the climb
testing will be conducted with the control in that position.

If the design or operation of the propeller control mechanism is such as to render the above
procedure inapplicable, consideration will be given to any alternative which conforms with the
basic purpose of the requirement, this purpose being to permit such betterment of the rate of climb
as might result from a single and practically instantaneous operation of some single propeller con-
trol which would not, however, permit the pitch of the propeller to exceed that established above
drawing power; 1. e., that pitch corresponding with 50 percent METO rpm under the specified
throttle setting.

04.7532-T Take-off determination. The following take-off data shall be determined over such range of
weights and altitudes as the applicant may desire, with a constant take-off flap position for a particular weight and
altitude, and with the operating engines at not more than the take-off power available at the particular altitude.
Theze dats shall be bazed on a level take-off surface with zero wind,

The purpose of this requirement is to establish the dimensions of a take-off flight path such that
if the take-off runway have a length equal to the greater of two possible dimensions of that flight
path, an engine failure may be suffered by the airplane at any point within the length of that run-
way and the airplane be able either to stop within the length of the runway or to continue and clear
all obstructions to flight until & safe landing may be made. Such a flight path necessarily involves
consideration of the level of skill of the pilot who happens to be flying the airplane at the time.
It has been aftempted in the specification of the conditions under which this flight path is to be
established, to provide for a reasonable level of skill by specifying certain minimum speeds which
must be attained, as well as a sequence and timing in which it is assumed various adjustments may
be made to the airplane, each of which would have measurable effect upon the resulting dimen-
gions. These particulars are discussed below.

04.75320-T Speeds. (s} Critical-engine-failure speed, denoted by V,, is a true indicated airspeed, chosen
by the applicant but in any ease not less than the minimum speed at which the contrellability is adequate to proceed
safely with the take-off, using normal piloting skill, when the critical engine is suddenly made inoperative. (b) Mini-
mum take-off climb speed, denoted by Vo, is a true indicated airspeed ehosen by the applicant, which shall permit
the rate of climb required in §04.7531-T (¢} but which shall not be less than 1.20 V,, for two-engined airplanes, or

1.15 V,, for airplanes having more than two engines, or less than 1.10 times the minimum speed at which the airplane
is fully eontrollable in fight using normal piloting skiil when the critical enginé is suddenly made inoperative.

This requirement, as its text indicates, contemplates a speed at which the engine may be
assumed to faill which may be lower than a speed at which flight is possible. Since the operating
requirements of CAR 61.712 limit the take-off operation of the airplane to a weight such that in the
event of engine failure, at the eritical engine failure speed, the airplane may either be brought to
rest within the length of the field or continue the take-off and sttain & height of 50 feet at the edge
of the field. It follows that for any airplane at a particular weight there is an optimum value of this
critical engine failure speed which will produce the minimum required runway length and further,
that this optimum condition obtains when the two alternative distances are equal. In the cage of
an airplane having a comparatively high wing loading but low power loading, and particularly in
the case of airplanes with four or more engines, this optimum may be appreciably below a speed at
which flight is possible. If such a speed is to be used for the purposes of establishing the dimen-
sions of the flight path, it is obviously necessary that it be possible to continue the take-off accelera-
tion after the %ailure of an engine unti] A minimum safe flying speed has been attained and it must
be demonstrated by test that it is possible safely to do thns. During the demonstration, the throt-
tling of an opposite engine will not be permitted unless: (1) the engine is completely throttled, or
(2) a satisfactory automatic means for such threttling is available. It appears open to some question
whether any airplane equipped with a tail wheel landing gear arrangement ean do this, although it
does appear possible that an airplane equipped with a nose wheel landing gear might do so.
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The second speed specified is a minimum speed at which it is considered safe to attempt to
complete the take-off with one engine inoperative. The limitation upon this speed, based upon
stalling speed, involves the power-off stalling speed and the 20 percent and 15 percent margins are
arbitrarily specified as a reasonable minimum to insure against inadvertent stalling of the airplane.
The difference between the two margins, based upon the number of engines installed in the airplane,
is due to the fact that the application of power ordinarily appreciably reduced the stalling
speed. In the case of the two engine airplane, at least half of this reduction is eliminated by the
failure of an engine. In the ease of a four engine airplane, certainly less than half and probably
more nearly one-quarter only of the difference is eliminated by the failure of an engine. The
difference in the required factors, therefore, provides approximately the same margin over the
actual stalling speed under the power conditions which obtain after the loss of an engine no
matter what the number of engines (in excess of one) may be.

This minimum take-off climb speed is also required to be at least 10 percent in excess of the mini-
mum speed at which the airplane can be safely controlled when the eritical engine is suddenly made
mmoperative. Flight tests are required to determine this latter speed and it 18 suggested that the
most direct testing technique would consist of making the critical engine inoperative at a speed
above the probahle minimum and then slowly reducing the airplane speed until a minimum is
reached. 'This minimum should then be checked by flying steadily at the speed so determined with
all engines operating, closing the throttle on the critical engine, and verifying that control can be
maintained. For the purposes of compliance with this requirement, the rudder pedal force required,
without adjustment of the trim, to hold the sirplane steadily upon a heading with zero yaw shall
not exceed 180 pounds. This condition of trim will ordinarily invelve two or three degrees of
roll, the wing on the side of the operating engines being down. It should also be noted that during
the test required to verify the minimum controllability speed, appreciably greater roll than this
may be required momentarily in order to regain control. This is acceptable so long as control
can be established with reasonable promptness at the same speed and without loss of altitude.
Finally, it should be noted that 04.7540-T requires that this speed be not more than 1.20 V.

The selection by the applicant of the two speeds specified will influence the nature of the testing
required to establishing the take-off flight path specified. If the eritical engine failure speed, V',
is equal to, or in excess of, the minimum take-off climb speed, V,, the segment of the take-off flight
path involving acceleration along the ground may be determined separately from those succeeding
segments which involve steady climbing flight. If, however, V, is less than V,, the testing must
involve an actual take-off acceleration during which the critical engine is made inoperative at
the speed V;, but the acceleration continued at%east until the speed V, is attained and the resulting
flight path recorded photographically. '

In either event, the critical speed thus determined should be included in the Operating Man-
ual (see 04.755-T).

04.75321-T Take-off path. The lengths and slopes of segments of the take-off path, and the location of critieal
points on the complete path shall be determined in accordanece with the following conditions and assumptions. The
loeation of the points defined below shall be expressed in terms of the horizontal and vertical distances from the
starting point.

(a) Starting point. The point from which a standing start is made with all engines operating.

(b) Critical-engine-failure point. The point at which the airplane attains speed 1) {eritical engine failure
speed) when accelerated from point (@) with all engines operating.

{¢) Accelerate-and-gtop point. The point on the take-off surfaee at which the airplane can be brought safely
fo a stop if all engines are cut at point (&).

{d) Btart-of-climb point. The point on or just clear of the take-off surface at which the airplane attains
speed Vi (take-off-climb-speed} when the critical engine is made inoperative with its propeller windmilling in low
pitch at point (b). ]

The take-off acceleration segment, (o} to (d), shall be determined by making a contimuous run up o speed
V: with the eritical engine cut at point ().

() Retraction-completion point, The point at which landing gear retraction is completed when retrac-
tion is initiated not earlier than point (d).

The initial climb segroent, (d) to (e), shall be assumed to correspond to the rate of elimb at speed V, with
fanding gear extended and windmilling propeller in low pitch.

The second climb segment, beginning at point (), shall be assumed to correspond to the rate of climb at
speed V: with landing gear retracted and windmilling propeller in high pitch, as defined in § 04.7581-T (e). This
segment may continue indefinitely or may end at point (g} in accordance with paragraph {g) following.

{f) 50-foot height point. The point at which the airplane attains a height of 50 feet (above the take-off
surface) along the take-off flight path defined herein.

(g) Feathering-completion point. The point where feathering or stopping of the inoperative propeller is
eompleted, if the applicant desires to include this step in the take-off determination. It shall be assumed that the
decision to feather or stop is made not earlier than the instant of attaining point {f). .

In the event that itis desired to inelude propeller feathering or stopping in the take-off path, the final climb
gegment, beginning at point (g), shall be assumed to correspond to the rate of climb at speed ¥ with landing
gear retracted and the propeller of the inoperative engine feathered or stopped.

161



WIR-T AIRPLANE AIRWORTHINESS

The take-off path specified above, involves the determination of the distances traversed by the
airplane for two a%)temntive sequences of events. The first of these is that the airplane be acceler-
ated to the critical engine failure speed, at which speed all engines are made inoperative and the
airplane decelerated to rest. The second sequence of events is that the airplane be again aceceler-
ated to the same speed but that at that speed, the critical engine only be made inoperative and the
take-off continued under certain specified conditions. The distance required to accelerate to the
speed V) is thus common to both sequences.

The first of these assumed sequences of events will be called hereafter the “accelerate-stop”
distance. It is obvious that when the throttles are suddenly closed, a finite time will elapse before
the propellers and the rotating parts of the engine are decelerated from the take-off rpm at which
they are, prior to closing the throttle, being driven, to an idling rpm. During this period the pro-
pellers continue to exert thrust, until & certain zero thrust rpm is reached as a result of the deceler-
ation. For this reason the speed of the airplane continues to increase beyond that which exists at
the moment the throttles are closed before it begins to decrease again. The period of time covered
by this deceleration of the engine rpin is also a very critical period for the application of brakes
since there usually results a change in trim of the airplane and certain adjustments in the position
of the controls must be made. For both of these reasons it appears necessary, in order to establish
8 representative dimension for the distance that would be required in the event of an actual failure
of an engine during take-off and the clection of the pilot to stay on the ground, to conduct testa
involving a continuous run starting from rest and ending at rest rather than to determine separately
the distances required to accelerate to the selected speed and the distance required to decelerate
from this speed when this latter maneuver is performed as a part of a landing. This process
ordinarily requires a comparatively long runway and in some cases it has been found impossible to
attain the required speed and stop within the available length of a runway. If this cannot be
avoided, it then becomes necessary to determine the total distance involved in accelerating to
various lower speeds such as to permit extrapolation of the results to the required speed. In
determining this distance, the wing flap shall be in the take-off position at least until the engines
have been made inoperative but they may thereafter be extended to aid the deceleration if it is
demonstrated by the applicant that this may be done with reasonable case and with safety.

The second sequence of events identified above produces what will hereafter be called tha
take-off flight path. This is made up of the following segments:

(1) Acceleration along the ground. This has been discussed in the foregoing.

(2) Steady climbing flicht with critical engine inoperative. The inoperative propeller
idling with its pitch control in the take-off position and the landing gear extended for the length of
time required to retract the landing gear.

(3) Steady climbing flight with the landing gear retracted and the imoperative propeller
pitch control in the position permitted by 04.7531-T (¢) for the length of time required to attain a
height of 50 feet above tha take-off surface and thereafter, for the length of time required to feather
the propeller.

(4) Steady climbing flight with the inoperative propeller feathered for the length of time
which may remain of the time limit upon the use of take-off power. Cages have been cncountered
in which propeller feathering is incomplete at the end of one minute from the start of the take-off and
in such cases the flight path has been based upon the assumption that take-off power would continus
to be drawn during an emergency such as would exist following the failure of an engine during the
take-off, until the propeller is in fact feathered. i

(5) Steady climbing flight with the inoperative propeller feathered drawing maximum
except take-off power upen the operating engine(s) indefinitely thereafter.

Tt may be noted that items (e), (f), and (g), of this requirement offer to the applicant the
slternative of basmg the remainder of the flight peth upon the conditions specified in the third
segment discussed above.

The various conditions which have been specified in this requirement to govern the configuration
of the airplane assumed to exist in cach of the various climb segments have been intended to
reflect as closely as possible, the probable order in which a pilot would make changes in the air-
plane configuration In the actual case of engine failure or, are conservative in their nature in an
effort to simplify the testing required to establish the flight path. Thus, for example, it is assumed
that the pilot will do nothing except raise the landing gear for the length of time required for the
gear fully to retract and it is also assumed that insofar as its effect upon the climbing performanece
is concerned the gear is down throughout this period. It is assumed that the pilot would make
some adjustment of the propeller pitch control but that he would not initiate the operation of
feathering prior to attaining a height of 50 feet which, in the limiting case permitted by the operat~
ing requirements, would also be the far end of the takeoff runway; and, further, it is assumed that
performance of the airplane remains that with the propeller idling until the feathering is complete.
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The take-off flap setiing must be maintained throughout the determination of the take-off flight
ath.

P Subject only to the restriction involving a value of V) less than V. which is covered by item (d)

of this requirement and has been discussed in 04.75320-T, each of thess segmente of the take-off

flight. path may be separately established, one of them (segment No. 3) has already been established

in order to show compliance with 04.7531-T (¢). The extent and nature of the testing required to

gstabiji;sh the {ci)thers is substantially identical with that required for the third segment which has
een discussed. .

04.7533-T Landing determination. The horizontal distance required to land and come to a complete stop
from a point at a height of 50 feet above the landing surface shall be determined for such range of weights and
altitudes as the applicant may degire, In making this determination.:

{a) Immediateiy prior to reaching the 50-foot altitude, a steady gliding approach shall have been maintained,
with a true indicated airspeed of at least 1.3 V.

(b) The nose of the airplane shall not be depressed, nor the power increased, after reaching the 50-foot
altitude. At all times during and immediately prior to the landing, the flaps shall be in the landing position, except
that after the airplane is on the landing surface and the true indicated airspeed has been reduced to not more than
0.9 V., the flap position may be changed.

{¢) The operating pressures on the braking aystem shall not be in excess of those approved by the manu-
facturer of the brakes.

(d) The brakes shall not be used in such manner as to produce excessive wear of brakes or tires.

(e} The landing shall be made in such manner that there is no excessive vertical acceleration, ng, tendeney
1o bounee, nose over, porpoise, ground loop, or water loop, and in such manner that its reproduetion shall not require
any exceptional degree of skill on the part of the pilot, or exceptionally favorable conditions. If this last condition
(with respect to exceptional skill or favorable eonditions) is not met, the distance to be determined shall be that
considered to correspond to a piloting technique normally usable.

The purpose of this requirement is to specify a distance which is required from a point 50 feet
above the take-off surface to land and bring the airplane to rest, which is at once representative of
actual operating technique and may serve as the basis for the specification of & landing runway
lengih within which a pilot of average skill may reasonably be expected to be abla to land the
‘airplane safely under the most adverse weather or other operating conditions likely to be encountered
in the actual operation.

The minimum approach speed of 1.3 V,,, contained in item (a), is intended to provide a reason-
able margin sbove the stalling spead. Items {(b) and {¢) are concerned primarily with the preven- .
tion of an attempt to place the airplane in contact with the runway surface at a very high speed in
order to take advantage of the greater deceleration provided by most wheel brake installations
than is available from the drag of the airplane while still airborne. Flight Engineering Report
No. 1 covers an Investigation undertaken to determine the effect of various factors which were
considered in drafting this requirement and indicates the critical dependence of the landing distance
here defined upon the contact speed. Obviously it will defeat the purposes of this requirement if
& distance be obtained by making contact at so high a speed as to require an exceptional degree of
skilt on the part of the pilot, or to base a distance upon exceptionally favorable conditions such as
wind or the nature of the surface of the runway. Item (e) forbids it for this reason.

Ttems (z) and (d) are concerned primarily with the extent to which wheel brakes may be
appropriately used mn establishing this distance. “Excessive wear” is considered (1) skidding of 8
tire, (2) excessive heating of the brakes which requires replacement during a series of five official
test landings, and (3) nose-over to the extent of causing a tail wheel to leave the ground surface
after its contact.

It should be noted also that compliance with item (¢) requires the establishment of a4 maximum
recommended pressure By the manufacturer of the brakes and the installation of & measuring device
by means of which the pressure actually used may be observed. It is recommended that a state-
ment of the approved operating pressure be obtained from the manufacturer of the brakes and
submitted as a part of the test program. The measurement of this landing distance is most satis-
{actorily done by photographic means and the CAA is equipped with such means. The field
set-up for the use of this equipment and the equipment itself, as well as the method of reading and
analyzing results, are covered by Flight Engineering Reports Nos. 4 and 8.

Tests to establish the landing distance must be condueted with the most forward OG position
to be approved by the terms of the type certificate.

04.754-T Flight characteristics, There shall be no flight characteristic which makes the airplane unairworthy
The airplane shall also meet the following requirements under all eritical loading conditions within the range of
center of gravity, and, except as provided in 04.7541-T (¢, at the maximmum weight for which certification is sought

The relation between flight characteristics and safety involves the level of skill and the scope,
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-

character, and intensity of attention required on the part of the pilot to fly the airplane at all, Ttis
theoretically possible to design an airplane which cannot be flown by a single pilot because, for
example, he may have not enough strength, or alternatively a sufficiently delicate touch, to operate
the controls or there may be so many necessary operations that he cannot, within the required
time, perform them all. The purpose of the requirements contained in this and succeeding sections
is to insure that a pilot, or any appropriate crew, may operate the airplane with enough margin
of comfort that the performance of the airplane which has been covered by the preceding require-
ments may be realized and a reasonable measure of safety maintained.

The succeeding material covers only the more important of the flight characteristics under
what have been agreed to be critical or representative flight regimes. It 1s the purpose of the first
sentence of 04.754—T to cover all those which have not been and probably cannot be anticipated for
all airplanes and therefore covered by specific requirements. The succeeding requirements will in
most cases indicate what are considered to be the critical loading conditions, and, assuming the
airplane to be found in compliance with those requirements at those loading conditions, no investi-
gation of other loading conditions will ordinarily be required.

04.7540-T Controllability and maneuverability. The airplane shall be controllable and maneuverable during
take-off, climb, level flight, glide, and landing, and it shall he possible to make a smooth transition from one fight
condition to another, without requiring an exceptional degree of skilli, alertness, or strength on the part of the pilot,
under all conditions of operation probable for the type, including those conditions normally encountered in the event
of sudden failure of any engine. It sball be possible, with power off, with flaps either retracted or in the landing
position, %with the center of gravity in the most unfavorable location within the certificated range, and with the air-
plane trimmed for a speed of 1.4 V,, to change the flap position to the opposite extreme, to make a sudden applica-

tion of take-off power on all engines, or to change the speed to any value between 1.10 V,, and 1.70 V,,, without

requiring a change in the trim control or the exertion of more control force than can readily be applied with one
hand for a short period. It shall not be necessary to use exceptional piloting skill in order to prevent loss of altitude
when flap retraetion from any position is initiated during steady horizontal flight at 1.1 V,,, with simultaneous

application of not more than maximum-ezcept-take-off power,

The purposes of the first sentence of this requirement are considered to be obvious from a
reading of the text. Ordinarily no specific flight tests will be required to demonstrate compliance
with its terms except for the following: (1) Those conditions normally encountered in the event
of the sudden failurc of any engine; (2) the establishment of the maximum tolerable cross component
of wind velocity during take-off or during approach and landing.

The former of these must be investigated with the airplane in the take-off configuration and
at the maximum take-off weight authorized for sea level (see 04.750-T (a), (b), and 04.752-T), and
will require the following specific demanstrations:

a@. A demonstration that it is possible to recover to straight flight at the same speed with
the wings level after any one engine 1s rendered suddenly inoperative during steady flight at best
angle of climb speed or 120 percent of V, (see 04.7511-T) whichever the applicant shall select,

while drawing take-off or maximum available power on the operating engine(s) with the landing
gear Tetracted and the airplane loaded at the rearmost center of gravity. The rudder pedal force
required to maintain straight fight shall not exceed 180 pounds.

b. A demonstration that 1t is possible to execute 15° banked turns with or against the
jnoperative engine starting from steady flight at 140 percent of V, with one engine inoperative,
the inoperative propeller operating in low pitch, maximum except take-off power on the operating
engine(s), landing gear extended, wing flaps in the landing position, and with the airplane loaded
at rearmost center of gravity.

¢. In order to demonstrate that the rudder will not lock or become heavily over-balanced in
the fully deflected position at moderate angles of yaw, the airplane shall also be investigated for the
effect of executing sudden changes in heading, as read by means of the directional gyro while holding
the wings level, in gradually increasing increments until a maximum of 15° has been reached or
dangerous sirplane characteristics encountered. This investigation shall be condueted at 140
percent of V,, with one engine inoperative, the inoperative propeller feathered, maximum except
take-off power on the operating engine(s), landing gear retracted, and the wing flaps in the condition
used in the determination of the maximuin one engine inoperative operating altitude (see 04.7513-T).

The requirements of CAR 61.7122 (¢) and CAR 61.7123 (b) make necessary the establishment
of a maximum tolerable cross component. of wind velocity beyond which take-off or landing fupen
a given runway becomes unsafe or impossible. The magnitude of this maximum cross-wind velocity
depends greatly upon the controllability of the airplane either in the air or on the ground or both.
1t will, therefore, be required that the applicant state a maximum tolerable velocity for the particular
airpiane and demonstrate by means of at least three take-offs and three landings ia eross-wind
velocities equal to or in excess of that selected that the airplane is safely controllable. The velocity
s0 selected will then become a part of the operating limitations for the airplane.
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The second sentenece of this requirement concerns itself with those changes in flap position
and/or power which are likely to be encountered during an approach for landing when it becomes
necessary to go arcund for another attempt at landing. Its purpose is to make any of these changes
possible, assuming the pilot to find it necessary to devote at least one hand to the initiation of the
desired operation, without being over-powered by the primary airplane controls. It aims at a design
such that no excessive change in {rim results from the application or removal of power or the
extension or retraction of wing flaps. Compliance with its terms also requires that the relation
of control force to speed be such that reasonable changes in speed may be made without encountering
very high control forces. Compliance must be demonstrated starting with the landing gear in
4 position appropriate to the initial flap position; i. e., when flaps are up initially, the landing gear
must be up and with flaps initially down, the landing gear must be down.

The third sentence is also concerned with the eventuality of going around during an approach
for landing in which event it would be obviously desirable to be able to retract the wing flaps
quickly and automatically at such a rate that if power be applied simultaneously with the initiation
of flap retraction no altitude would be lost. The design feature involved with this requirement
is obv&iotlllsly the rate of flap retraction. Compliance must be demonstrated with the landing gear
extended.

04.7541-T Trim. The means used for trimming the airplane shall be such that after being trimmed and
without further pressure upon or movement of either the primary control or its corresponding trim control by the
pilot or the automatic pilot, the airplane will maintain:

{a)} Lateral and directional trim under all conditions of operation consistent with the intended use of the
airplane, including operation at any speed {rom best rate of climb speed to high speed and operation in which there
is greatest lateral variation in the distribution of the useful load;

(#) Longitudinal trim, under the following conditions: (1) During olimb at the best rate of elimb speed
with maximum-except-take-off power; (2) During a glide with power off at & speed not in excess of 1.4 V,; and
(3) During level flight at any speed from 90 percent of high speed to the sum of V,, and 20 percent of the difference
between high speed and V,;

(¢} Rectilinear climbing flight with the eritical engine inoperative, each other engine operating at maximum-
except-take-off power and the hest rate of climb speed under such conditions;

{d) Rectilinear flight with any two engines inoperative and each other engine operating at maximum
except-take-off power under the following conditions: (1) With the weight of the airplane not more than that at
which there is a speed range in level flight of not less than 10 miles per hour; (2) With the speed of the airplane
1ot more than the high speed obtlained under the conditions specified in (1) less 10 miles per hour.

It is the purpose of this regulation to require that it be possible to trim the airplane completely
for any flight condition which it is reasonable to assume will be maintained steadily for any sppre-
ciable time. Flight tests will, of course, also be required to demonstraie compliance for an unsym-
metrical power. Yaw will be limited to that with “wings level” or “zero’” when yawmeter is
installed as a part of the required equipment.

“All conditions of operation consistent with the intended use of the airplane,” under which
item (@) of this requirement requires laterial and directional trim and which were foreseen at the
time the regulation was originally written, are contained in items (8), (¢}, and {d). As & convenience
in testing, 1t will be acceptable to interpret “‘best rate of climb speed” in items (a}, (§) (1}, and (¢)
as 1.4V,. There is also no apparent need that lateral and directional trim exist at the high speed
when longitudinal trim is required by item {b) at 90 percent of this speed only. Therefore, lateral
and directional trim st 90 percent of the high speed will also be considered satisfactory.

Although not specifically stated in item (¢), the demonstration required may be made with the
inoperative propeller feathered. Further, the trim speed required in item (¢) shall be that at which
the enroute climb and cooling is demonstrated when the speed selected by the applicant is greater
than the best rate of climb speed.

04.7542-T Stability. The airplane shall be longitudinally, directionally, and laterally stable in aceordance
with the following provisions. Suitable stabiliity and control “feel’”” may be required in other conditions normally
encountered in serviee if ftight tests show such stability to be necessary for safe operation.

Stability is closely related to trim in that if stability is absent, trimming is impossible. It
will be noted that in the succeeding requirements, a great deal more attention is devoted to longi-
tudinal stability than to the lateral stability, This 1s regarded as merely a reflection of the fact
that the longitudinal or elevator control is intimately involved in the establishment of center of
gravity limits, which is always necessary, while the lateral characteristics ordinaridy have negligible
effect upon these. It will also be noted that, cencerning longitudinal stability, the static stability
18 defined primarily in terms of the way the longitudinal control feels to the pilot, whereas the
dynamic stability 13 specified in terms of the behavior which the airplane itself shall exhibit when
certain speeific things are done with the elevator control.
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. It has been attempted, in the succeeding requirements, to cover those specific flight regimes
in which stability is considered essential. Tt is believed that these are critical in the sense that
if the required stability is obtained in these conditions it will probably also be obtained in any other
flight condition likely to be encountered with the airplane. If an airplane design be encountered
for which this is not true it may be necessary to investigate other flight conditions.

04.75420-T Siatic longitudinal stability. In the flight eonditions described in the following sub-section
04.754200-T:

(a) At any speed which can he obtained without excessive control force and which is more than 10 miles
per hour above or below the specified trim speed, bul not greater than the appropriate maximum permissible speed
or less than the minimum speed in steady unstalled flight the charaeteristies of the elevator eontrol forces and friction
shall be such that; (2} A pull is required to maintain speeds below the speeified trim speed and a push to maintain
speeds above the speeified trim speed; (2) The control will, when unrestrained by the pilot, move continuously
toward its original trim position.

(5) Where a stable slope of the stick force versus speed eurve is specified, any decrease in speed below trim
speed shall require an inerease in the steady pull on the elevator control and any increase in speed above trim speed
shall require an increase in the steady push on the control. Such slope shall be between such limits that any sub-
stantial change in speed is elearly preceptible to the pilot through a resulting change in stick force, and that the
stick foree required to produce necessary changes in speed does not reach excessive values.

The two basic purposss in requiring the statie longitudinal stability are defined by this re-
quirement,

The first 'of these is to require that, once the airplane has been trimmed, it will tend to main-
tain the trim speed in such manner as to require a conscious effort on the part of the pilot to depart
from that speed, using forward pressure on the control column for an increase in speed and the
reverse for a decrease. These forces must be such that departures in speed in either direction
from the trim speed will require control column pressure that increase approximately proportionately
as the speed departs from the trim speed. Static stability is specified in terms of “stick’ forces
because 1t is believed necessary and desirable to provide “feel’” of the airplane for the pilot through
this medium. Thus it may be seen that elimination of friction from the control system is
an important factor which must be considered in connection with static stability. The accom-
plishment of this purpose is intended to provide safeguards against inadvertent stalls or inadvertent
elevator control operation at excessive speeds, easy handling qualities during instrument flight,
and generally to hold to a minimum the amount of attention and skill required of a pilot during
landings, take-offs, and the other normal operating conditions. .

The second basic purpose is to make it possible to make such changes in speed as may be
required to perform a maneuver without it being necessary to readjust the trim in order to relieve
very high control forces which would otherwise be necessary.

The ideal relation of elevator control force to speed would be such that the control force re-
quired to maintain any speed should increase proportionally with the departure of speed from the
trim speed and the magnitude of the force, at the extremes of possible or desirable departures,
would be easily within the ability of the pilot to exert. Such ideal relationship is, however, very
difficult to obtain in an actual airplane design, particularly as the size of an airplane increases and
the relative amount of power installed increases. Another difficulty is that there is friction in
most airplane control systems which tends to blanket out the control forces involved when these are
below & certain magnitude,

The requirement contained here is, therefore, a compromise between what ig desirable and
what may readily be provided. Thus it requires not that the control forces involved be propor-
tional to departures from trim spesd throughout the range of attainable airplane speed, but only
throughout a limited range of speed either side of the trim speed, and beyond this range that there
be no reversal of the control forces. It also requires that the control system Iriction remain low
enough that if the elevator control be released at any speed more than 10 mph away from the
trimmed speed the control must move toward the trimmed position and the speed of the airplane
must return when equilibrium is established to within 10 mph of the trimmed speed. This, in
effect, requires that the control force at any point within the range of speeds which may be attained
* with the airplane must exceed the force required to overcome the frietion in the control system

except within the range 10 mph above or below the trim speed. '

The greatest difficulty likely to be encountered in attempting to demonstrate complisnce with
this requirement appears to be that for any condition involving the use of an appreciable amount of
power the control foree required to make substantial changes in speed tends to become vanishingly
small, so small that appreciable changes in speed may occur without the change in the eontrol
force being perceptible to the pilot. This seems especially likely to be true if the control surfaces
have been so designed that without power the control forces required to produce necessary changes
in speed do not become excesgive, Figure 55 has been prepared to indicate what is required in the
way of static longitudinal stability characteristics.
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Although not specifically covered by the regulations, it is also desirable that motion of the con-
trol column exhibit substantially the same characteristics as are required of the control forces.
That is, it should require forward displacement of the column to produce & speed in excess of the
trimmed speed and vice versa; the required displacement should be approximately proportional to
the departure from the trimmed speed produced; and there should be no reversal of the sense of the
required displacement of the control.
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Figure 55.—Static longitudinal stahility.

04.754200-T Specific stability conditions. (¢) Loending.—With flaps in the sea level landing position, the
landing gear extended, maximum zea level landing weight, the airplane trimmed aft 1.4 V,, and throttles closed, the

stick force curve shall have a stable slope at all speeds between 1.1 V,, and 1.8 V,

(6) Approach.—With flaps in sea level approach pesition, landing gear retracted, maximum sea level landing
weight, the airplane trimmed at 1.4 V,, and with power sufficient to maintain level flight at this speed, the stick force

curve shall have a stable slope at all speeds between 1.1 V,, and 1.8 V..
{¢) Climb-—With flaps retracted, landing gear retracted, maximum sea level take-off weight, 75 percent of
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maximum-except-take-off power and with the airplane trimmed at 1.4 V,, the stick foree eurve shall have a stable
slope at all speeds between 1.2 ¥V, and 1.6 V, . ‘
(d) Cruising.—With flaps retracted, maximum sea level take-off weight, 75 percent of maximum-except-

take-off power, and with the airplane trimmed for level flight, the stick force curve shall have a stable slope at all
speeds obtainable with resonable stick forces between: (1) 1.2 V, and the maximum permissible speed, when the

landing gear is retracted; (2) 1.2 V, and the level flight speed, when the landing gear is extended.

The four specific flight conditions covered above are those in which it is believed that static
longitudinal stability is important. The trim speed ranges specified are those which are con-
sidered essential for the pilot to be able to rely upon for the approximate proportionality of control
force to departure from the trim speed. The flight tests required to demonstrate complisnce will
involve the actual measurement of the control forces. These forces must be low enough to permit
attaining the full range of speeds under conditions (&), (b), and (c¢) only.

04.75421-T Dynamic longitudinal stability. The airplane shall not be dynamically unstable longitudinally,
as shown by the damping of the normal long period ogeillation, under any flight eondition that is likely to be main-
tained for more than 10 minutes in ordinary service. Cormpliance with this requirernent shall be demonstrated
under at least the following conditions: (@) During level flight with 75 percent of maximum-except-take-off power;
(B} Dur'i?g) & climb with 75 pereent of maximum-except-take-off power af a speed equal to 75 percent of that obtained
in item (a) above.

Any short peried oseillation occurring between stalling speed and maximum permissible speed shall be heavily
damped with the primary eonirols in & fixed position.

During the discussion which preceded the adoption of the above provisions, it seemed generally
conceded by most that dynamic E)ngitudi.nal instability was somewhat more an annoyance than a
positive hazard. It was, however, considered to be of sufficient annoyance to warrant eliminating
1t for any flight condition likely to be maintained for any appreciable time. Since the removal of
power and the extension of flaps and/or landing gear ordinarily improves stability, no gliding flight
condition is specified. If stability be found during the two flight conditions here specified, it will
ordinarily be unnecessary to investigate any other.

The testing required to demonstrate compliance with this requirement must ordinarily be done
at both extremes of the range of center of gravity and involves disturbing the sirplane by means of
the longitudinal control and thereafter observing the oscillation of the airspeed.

It should be noted that tha regulation requires that, “The sirplane shall not be dynamically
unstable.”” In order to show compliance, therefore, it will be necessary that the test involve not
less than three complete eycles, unless the motion be completely damped in fewer, in order to be
sure that the amplitude of the oscillation is not increasing.

No specific tests are required for the short period oscillation to which the last sentence of this
regulation refers unless it be encountered in the course of the flying which must otherwise be done
with the airplane.

04.75422-T Directional and lateral static stability. The static directional stability, as shown by the tendeney
to Tecovery from a skid with rudder free, shall be positive for all flap positions and symmetrical power conditions,
and for all speeds from 1.2 V,, up to the maximum permissible speed. The static lateral stability, as shown by the

tendency to raise the low wing in a sideslip, shall be positive within the same lmits,

The purpose of this requirement is to insure that the airplane shall behave normally if dis-
turbed in roll or yaw. Although no real motion of the airplane involving roll is possible without
yaw also being involved, and vice versa, it is convenient to investigate the rolling and yawing
stability separately and this is done in the testing required to show compliance with this require-
ment. .

In the case of directional stability, the heading of the airplane is altered to approximately
20° (as read on the directional gyro) by means of the rudder, the wings held level by means of
the ailerons and the rudder released. The airplane is considered to comply i the resulting skid
diminishes. In the case of lateral stability the sirplane is rolled to approximately 20° (as read
on the gyro horizon) by means of the ailerons, the heading maintained by means of the rudder
gllld.el_eflator and the ailerons released. The airplane is considered to comply if the angle of bank

iminishes..

04.7543-T Stalling. With power off, and with that power necessary to maintain level flight with flaps in
approach position at a speed of 1.6 V,, maximum landing weight, flaps and landing gear in any position, and center
of gravity in the least favorable position for recovery, it shall be possible to produce and 4o correct roll and vaw by
unreversed use of the aileron and rudder controls up to the time when the airplane pitehes in the manuever deseribed
below. During the pitching and recovery portions of the maneuver it shall be possible to prevent appreciable
rolling or yawing by normal use of the controls.
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In demanstrating this quality, the order of events shall be: (o) With trim controls adjusted for straight flight
at a speed of 1.4 V, reduce speed by means of the elevator control until the speed is steady at slightly above stalling

speed; then (b)) Pull elevator control back at a normal rate until a stall is produced as evidenced by an uncontrollable
downward pitehing motion of the airplane, or until the control reaches the stop. Normal use of the elevator eontrol
for recovery may be made after such pitching motien is unmistakably developed.
1o any case, the airplane shall not piteh excessively before recovery is completed. ] ] .
The airplane shall be recoverable without difficulty or the use of power from the inoperative engine when it is
stalled with the eritical engine inoperative and the remaining engines operating at 75 per cent of maximum-except-
take-off power.

The basic purpose of this regulation is to require that, in any stall Likely to be encountered
inadvertently, the first response of the airplane shall be a downward pitching motion and not a
rolling motion; i. e., it is intended to prohibit tip stalling. In demonstrating compliance, the rate
of approach to the stall should be not greater than one mile/hour/second. Zero thrust is per-
missible, An average of five stall tests with one flap setting (or three for each setting when the.
complete flap angle range is investigated) will be used to determine the stall speed as indicated
at the beginning of the pitch or the minimum speed in steadily controlled flight. )

The primary purpose of the flight test to demonstrate compliance with the last sentence in
this regulation is to insure that the airplane does not become uncontrollable or lose an excessive
amount of altitnde when so stalled (flaps and landing gear retracted and inoperative propeller in
low pitch at 1.4V,).

04.755-T Airplane operating manual. There shall be furnished with each airplane a copy of a manual which
shall contain guch information regarding the gperation of the airplane as the Administrator may require, including,
but not limited to, the following: (a) All performance data secured under § 04.7513-T to 04.7533-T, inclusive,
together with any pertinent descriptions of the conditions, airspeeds, ete., under which such data were determined;
() Adequate instructions for the use and adjustment of the flap controls under § 04.434-T; (¢) The indicated
airspeeds corresponding to those determined in § 04.75320-T, together with pertinent discussion of procedures to be
followed if the critical engine becomes inoperative on take-off; {(d) A discussion of any signifieant or unusual flying
or ground-handling characteristies, knowledge of which would be useful to a pilot not previously having flown the
airplane,

The primary purpose of this manual is to provide for the erew who will operate the airplane
any information concerning the airplane considered by the CAA essential to or likely to promote
safety during such operation. This will ordinarily require a certain amount of descriptive material
concerning those parts of the airplane directly operated or otherwise used by the crew, an under-
standing by them of the nature, location, and functioning of which is therefore essential. The
manual should also contain, in order to serve this purpose, & description and chronological outline
of the procedure to be followed by the crew during various phases of the operation, both “normal”
and “‘emergency’ in which specia{ attention and emphasis should be given to any precaution which
should be observed therein in the interest of safety. “Check lists” which list in chronological
sequence the operations to be performed by each active crew member during each phase of the
operation of the airplane appear likely to be very useful in this connection. Finally, to accomplish
this purpose of the manual, it is ordinarily necessary to include all instructions covering loading
the airplane necessary to insure that the operating limitations upon weight and C@ position may
be readily observed.

Another important purpose of the manual is to implement the operating requirements of
CAR 61.712;1. e., to furnish a source for all the airplane information necessary to establish the limi-
tations specified by those requirements as well as that necessary to enable the crew readily to
operate the airplane within the limitations so esteblished. This purpose requires the inclusion in
the manual of all operating limitations peculiar to the airplane under any eircumstance likely to
be encountered during its life as well as information concerning each of the items of performance
involved by CAR 61.712 as functions of weight, altitude, wind velocity, flap setting, etec., through-
out the range of these variables for which it 1s desired by the applicant to provide; the point being
that the scheduled operation of the airplane by an air carrier will be limited to values of all such
variables within the range(s) covered by information available in the manual. This situation
requires that the applicant consider the extent to which he wishes to limit the usefulness of the
airplane subsequent to its certification as a type.

It may be noted, concerning the material to be included in the manual, that two types are
involved. The first of these is the operating limitations which are, in effect, 8 partial statement
of the terms upon which the airworthiness certificate is issued. Compliance with these operating
limitations is therefore required by law (see Section 610 (a) of the Civil Aeronautics Act of 1938.)
The second type of material is the performance information, recommended operating procedures,
general arrangement, and loading instructions, the observance or use of which is not legally
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required of the operator of the airplane. This second type of material is intended to convey
information believed likely to promote or contribute to salety in operation.

It is believed that the usefulness of the manual will bear some inverse relation to its physical
bulk and to the extent of its complexity. It is, therefore, strongly recommended that great care be
taken to prepare it in the simplest most compact form consistent with the completeness and clarity
of presentation of the necessary information. This will probably require careful editing of text
and consideration of details of arrangement. It is believed that an 8/ x 10%’” size will probably be
found most convenient and this size 1s recommended. It is also recommended that durability be
considered in zelecting the materiala involved in its reproduction and binding. Finally, it is sug-
gosted that consideration also be given to the likelihood of revisions and the manner in and ease
with which this may be accomplished.

Upon receipt of the manual as a part of the process of type certification (sce “Procedure to be
Followed by Applicant’’ in Introduction) it will be examined by appropriate CAA divisions involved
and, when found to comply satisfactorily with the regulation, each page will be embossed with the seal
of the Civil Aeronsutics Administration and a copy so sealed returned to the applicant. The air-
craft specification for the type will list the manual as an item of required equipment and the ap-
plicant’s sealed copy must be made available upon request to any CAA inspector issuing an original
airworthiness certificate under the type certificate in order that he may verify that the manual
furnished with that individual airplane conforms with the approved manusl.

Following is an outline indicating the scope and arrangement of the manual and the treatment
of the necessary material which, it is believed, will best accomplish all of the purposes considered
above. Iis use is recommmended.

TITLE PAGE

This page should form the front cover and should contain the name of the airplane manu-
facturer, the model designation, and the serial number of the airplane to which the manual applies.

LOG OF REVISIONS

.This page should take the form of a table in which to record for cach revision an identifying
gymbol, a date, and the page numbers involved.

I..—OPERATING LIMITATIONS

The purpose of this section is merely to state the limitations without any unnecessary expla-
nation of what they are. The manual should point out that observance of these limitations is
required by law.

A. Wricar. (Indicate the range of maximuin take-off and landing weight approved by means
of & table or suitable diagram showing these weights at various altitudes throughout the range for
which performance information is contained in the manual. State that airplane weight in excess
of maximum landing weight must be disposable fuel. State any other limitations on weight and
if appropriate refer to “Loading Information,” Section V.)

B. Center oF GraviTY. (State all authorized '@ limits. Refer to “Loading Information.™)

C. PowrrpLaNT. (State all powerplant limitations; i. e,, mp, 1pm, maximum time for use
of take-off power, cylinder head and barrel and oil temperatures, minimum fuel octane No., etc.
Any limitation on rpm due to roughness, vibration, tip speed, ete.; propeller pitch, cowl flap
position(s), cte.)

D, Seeep. (State “‘never exceed” speed for all flap settings, “level flight or climb” speed,
minimum controllability speed with one engine inoperatiive, minimum speed at which airplane
may be climbed with one e¢ngine inoperative, critical speed during take-off beyond which flight
may be continued and below which power should be cut and the airplane stopped, minimum
“approach’’ speed, and any other limiting speed—all in true indicated airspeed.)

E. Cruw. (State number and identify members of minimum crew necessary to safe operation.)

F. Frars. (State maximum flap extension approved for take-off, approach, landing, as
functions of weight or altitude if appropriate.)

G. Taxinag., (State any limitations on speed, power, wind direction, velocity durmmg turns,
cowl flap postion, etc.) :

H. Wave Hrreat. Seaplanes and flying beats only.  (State maximum wave height approved
for take-off and for landing.)

I. Crrrican Cross-winp VELocITY. (State critical or limiting value beyond which take-off
or landing become dangerous.)

II. PERFORMANCE INFORMATION

This section thould contain all'the performance information necessary to implement the oper-
ating requirements of CAR 61.712 and to safely operate the airplane.
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A, Excine Powsr Corve, (A copy of the engine manufacturer’s standard chart of bhp vs.
mp (@ rpm and bhp vs. Altitude @ rpm and @ mp.) -

B. AmsprEp CarieraTtioN. (A plot of TIAS vs. TAS @ various flap positions, preferably on
one page. ] ) ] _

C. SrairLiNe Sreeps. (A table or diagram of true indicated stalling speeds at various weights
at all authorized flap settings, power-off.)

D. Crius
1. Take-off (A diagram of Climb »s. Altitude at Weight plus the Climbing Air Speed vs

g‘ Em?ﬁk Altitude for each airplane configuration in standard air throughout the
Py Lgf d’?ng range of weight and altitude for which the airplane is certificated.)

E. Tagg-orr

1. Acecelerate-stop distance. (That is, the distance required to accelerate to the minimum
gpeed for control with one engine inoperative and stop. A diagram showing Distance vs. Altitude
?t Weight throughout the range of altitude & and weight W for which the airplane is certificated

or take-off.) .
2. Flight path. (That is, the take-off flight path specified by 04.75321~T (a), (b}, (d), (e),
{f), and (g), as a function of weight and altitude throughout the range of each for which the air-
lane is certificated for take-off. It is suggested that this can probably be done most conveniently
¥ preparing a diagram to scale on rectangular graph paper showing for each of several altitudes
t-{xe flight path for esch of several weights from the minimum to the maximum for the particular
altitude.)

F, Lanpiwg. (That is, the distance required by 04.7533-T. A diagram showing Distance
vs. Altitude at Weight and Wind Velocity throughout the range of altitude and weight for which the
airplane is certificated for landing.) (See figure 9 of Flight Engineering Report No. 13.)

G. Minmmum Taxs-orF Runway Lengta.  (Present by means of a diagram such, for ex.
ample, as figure 5 of Flight Engineering Report No. 9 or o suitable table, the minimum take-off run-
. way length permitted by CAR 61.7122 in the case where no obsiacle exists at the end of the runway
and there is no wind at various altitudes throughout the range for which performance information
is provided.)

H. MinivoM Errgcrive Lawpine Runway Lenera.  (Present, by means of a diagram such,
for example, as figure 6 of Flight Engineering Report No. 9 or a suitable table, the minimum effec-
tive landing runway length, as defined by CAR 61.7124, permitted by CAR 61.7123 in the case of
aero wind at various altitudes throughout the range for which performance informsation is provided.)

I. Aurrrepe oF T'ErraIN.  (Present, by means of a diagram such, for example, as figure 4 of
Flight Engineering Report No. 8§ or a suitable table, the altitude which may be cleared in accordance
with the requirements of CAR 61.7125, at various airplane weights throughout the range of those
likely to be encountered in actual operation.)

1II. RECOMMENDED OPERATING PROCEDURES

This section of the manual should contain information, peculiar to the airplane, concerning
normal and emergency procedures, knowledge of which might enhance the safety of operation of
the airplane. The manual should state that these procedures are not mandatory.

A. StarT anp Warm Ur Excives| Outline normal procedure for each, noting any special

B. Taxr precautions in the interest of safety. Include check
C. TAKE-OFF list for each erew member for each operation. Describe
D. AprroacH or refer to procedure in any emergency likely to occur
E. Laxp in each.

F. One ExcINE InopERATIVE. (Outline procedure to be used in event of engine failure during
(a) take-off and (b) cruising flight including recommended speeds, trims, operation of remaining
engine(s), propeller feathering, ete.) .

. ProPrELLER FEATEERING, (QOutline any necessary or desirable procedure to be followed.)

H. FuerL Dumrine. {Outline procedure including speeds, power, etc.)

I, Conrron System Locks

J. Frar ConrtrOL

K. Avuxiuiary Powsr PLanT. {(Describe procedure for starting and operating.)

1. Fire Exmivcuisaing EquipMeENT. (Outline procedure to be used in event of fire in various
parts of airplane.)

M. Dg-rcers. (Wing, tail, propeller, and carburetor.)

N. WinpsHIELD (JLEANEES AND DE-ICERS.

1M
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04.91 AIRPLANE AIRWORTHINESS

0. Lavpine GEAR

P. AvromaTic Prvor

Q. Enrraencies.  (Outline any methods by means of which wing flaps, landing gears, etc.,
may be opertted in event of failure of primary systems.)

Note: Add any other item(s) necessary.

IV. DESIGN FEATURES

This section should contain all descriptive material covering those parts of the airplane with
which operating personnel should be especially familiar for safe operation or in the event of emer-

gency.

. FueL SysteM
. O1L SysTEM A brief description of the arrange-
. CarBURETOR HEATING OR FLUIp DE-10ING SYSTEM ment and operation of each,

. ELECTRICAL SYSTEM

. HypravLIc SySTEM

CoNTROL SysTEM

. AuxiLiary PowERr PLANT

. EMERrGENCcY ExiTs. (A description, diagram showing location, and instruction for use.)
Howl ComparTMeNTATION. (Flying Boats Only.)
Emergency Equipmunt. (Description, location, instructions for use.)

V. LOADING INFORMATION

This section should include the information necessary to load and keep the airplane within
the operating limitations governing weight and C@ location.

A. CaBIN ArrRaNGEMENT. (A diagram, approximately to scale, identifying and showing the
location of each item of disposable load.)

B. Loapive ScaepuLe. (If required.)

C. InsTrUCTIONS. (Adequate instructions for the use of the loading schedule or other
equivalent means.)

SO ETOWE >

04.9 MISCELLANEOUS REQUIREMENTS

04.90 Standard weights. In computing weights the following standard values shall be used.

Gagoline____________ e _~ 6 lbs. per gallon.

Lybricating Oil. . . ___._____. 7.5 1bs. per galton,

Crew and Passengers_ .. _____._______ 170 Ibs. per person, unless otherwise specified by the Administrator.
Parachutes___ . _______.__________ .. 20 lbs, each,

04.91 Leveling means. Adequate means shall be provided for easily determining when the aireraft is in a.
level position.

“Adequate means” is interpreted as being independent of tire inflation pressure and shock

absorber travel. This normally requires that the means be attached to, or a part of, the fuselage
or hull structure. They must also be readily identifiable and usable.
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APPENDIX I

AN INTERPRETATION OF 04.003 FOR LARGE AIRPLANES

A. General

Since the present 04 requirements are based largely on experience with airplanes weighing
less than 30,000 pounds, it is realized that certain of these requirements cannot logically be applied
to larger and larger aircraft without involving either the danger of inadequate rules or the dis-
advantage of too severe requirements. It is therefore essential that, during the initial stages of
the design of such airplanes, the designer contact the CAA for special rulings which will be made
for the particular design involved. It is likewise essential that very close. cooperation be main-
t?ined be‘ml:veen the designer and the CAA throughout the design peried and until the completion
of the airplane.

Alth(l)]ugh it is impossible to anticipate all of the new airworthiness problems involved in the
design of large aircraft, the modifications te 04 which are outlined in the following sections are
considered to be generally applicable to such aircraft. If cases arise in which there is doubt as
to their applicability to a particular project, the designer is of course at liberty to employ alternative
modifieations, provided that such modifications are substantiasted. This appendix will be revised
from time to time as new modifications are adopted.

B. Structural Loading Conditions

Design gliding speed.—(See 04.211.) A V, of less than 1.25 V;is in general believed inade-
quate. This factor may, however, be reduced if it is shown that the resulting placard maximum
speed suffices for all the contingencies which may arise in operations. It is suggested that a polar
diggram be plotted, showing the flight paths, indicated air speeds, and rates of descent, with zero
thrust and with cruising power. This will assist in determining the adequacy of the design pliding
speed proposed. '

Maneuwvering load factors—(See 04.2120.) Although large airplanes are generally less ma-
neuverable than smaller ones, they are also, in many cases, less controllable after a maneuver has
been begun, either advertently or inadvertently. Pending the development of more rational
maneuvering load factor criteria for such airplanes, it is believed that the minimum limit maneu-
vering load factors of +2.67 and —1.333 should be used at all speeds up to V..

Gust load factors—(See 04.2121.) Positive and negative valuesof U of 30 feet per second
(limit) should be used 1n Condition J (04.2131) and Condition I7 (04.2132). The resulting gust
load factors should also be used for Condition JIT and I'V respectively.

Horvzontal tail surfaces.—(See 04.221.) A 30 foot gust should be used for the design of the
horizontal surfaces at Vi. The effects of downwash on the horizontal tail may be allowed for.
More definite information on this can probably be obtained from the NACA. The question of
maneuvering loads is difficult to decide at present. The existing requirements may be satisfactory,
but should not be relied on as final. A rational study of the specific case involved, based on the
maximum deflection likely to be used at V,, may lead to more applicable normal force coefficients
than those specified by 04.2211. ,

Ailerons.—(See 04.223.) It is suggested that the maximum deflection likely to be used at
V5 be taken as a criterion for aileron design loads. This will involve an investigation of aileron
loadings based on normal force coeflicients and pressure distribution data. :

Wing flaps.—(See 04.211, 04.214, and 04.244.) The present requirements for flap design
speeds can probably be lowered to 1.67 V (placard 1.5 V) provided that gust velocities of 430
and — 30 feet per second are used in Conditions VII (04.2141) and VIII (04.2142) respectively.
If partial deflections are to be used at higher speeds an additional investigation is necessary.

Loads on sea wings.—No strength requirements have been formulated for sea wings. The
suitability of such installations will be determined by operating tests. It should be borne in mind,
however, that water is approximately 800 times as dense as air and that sea wings and floats
are therefore subjected to very high loads and pressures when they encounter waves in landing
or on take-off. The manufacturer proposing to use sea wings should substantiate the loading
conditions chosen for their design.

C. Proof of Structure

Effects of size.—1t appears that existing airplane structures have just about reached the limit
of zafe extrapolation from previously approved structures and that further increase in size intro-
duces an element of uncertainty difficult to remove. In view of the serious nature of this situation
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AIRPLANE AIRWORTHINESS

it is suggested that designers prepare a comprehensive outline of the general methods of strength
analysig 1o be used on wings, fuselages and hulls, and of the specimen tests which will be made to
supplement the analysis. This material should be submitted to the CAA as early in the design
stages as is practicable. It is apparent that a thorough study of this situation is necessary if the
Administrator is to avoid requiring high marging of safety which will impair the efficiency of the
airplane. Otherwise it may be necessary to conduct destruction tests of complete components,
Wing analysis.—In preparing the program mentioned above, the following points should be

considered:

@, Determination of the magnitude and distribution of stresses due to bending and torsion.

b. Determination of allowable compressive loads in wing covering.

¢. Allowable shear loads in webs.

d. Combined loadings.

e. Specimen tests, panel tests, and partial wing tests,

f. Ultimate factors of safety. These may be increased over the present required values if
there appears to be uncertainty as to the reliabiliiy of the strength analysis and test methods.

Fuselage and hull analysis—A program such as outlined for wings above should be submitted.

In particular, information should be included as to the strength of main and intermediate frames;
the rigidity of intermediate frames and their adequacy in regard to the prevention of general insta-
bility; the strength of the side covering in shear; the strength of vertical and longitudinal stiffeners
as affected by diagonal tension fields; the effectiveness of the covering in compression, and the
effects of cutouts and discontinuities.

D. Detail Desigh

Flutter prevention.—Before the design has progressed very far, the Administrator should be
informed as to all design features and precautions to be used to prevent flutter. Unusually large
cantilever spans, and outhoard vertical tail surfaces, may necessitate special precautions.

Control systems.—If a power control system is used, it will probably be required that certain
minimum maneuvers can be performed after the power source has failed.

Erits—In view of the large size of the compartments, it is felt that consideration should be
given to supplying emergency exits on each side and at the top of each major compartment.
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APPENDIX II

SAMPLE WEIGHT AND BALANCE REPORT

NAME OF MANUFACTURER
REPORT NO. ____._____
WEIGHTS AND BALANCE OF MODEL ____._____

SERIAL NO ._____..__
IDENTIFICATION MARK __________

Prepared By e
Checked BY - e
Witnessed By oo o

(Signature of Civil Aeronsutics Administration Representative
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AIRPLANE AIRWORTHINESS
Page No.
Report No.
SECTION 1. Amonrarr Eumrry WEIGHT
(A) Empty weight as weighed (in level landing position 1)

V—Leading edge of lower wing at point vertieally above wheel.
“ '——\‘\ .
72w e MAC-80 ——a]
/—Ma.rk minus if leading edge is aft of wheel.

-
[
*
210 —
*Meagured along Qoo with ald of & plumb-hob,
Secale .
reading ‘ Tare J Net 1bs
| |
H I
Left wheel . _ __ ______ ______ . ______ 1020 - ________ 15 (L. 1005
Right wheel _____ _____________________ 1010 | ________ 15 oo 995
Tail wheel .. . _______________ e 400 | ______ 150 | _____ 250
Total __ e |eemm il 2250

Total net empty weight includes residual oil. The oil tank was filled and the system drained before weighing.
§ gallens of oil were drained from the system. '

CG Empty (as weighed) is aft of wheel centerlines 250 X 210

23. 3

2250
CG Empty (as weighed) is aft of lower wing leading edpe 23.3-+6 = 29, 3"
Lower wing leading edge is aft of datum 100. 0
CG Empty (as weighed) is aft of datum 1004293 = 129. 3'f

Datum to. MAC leading edge = 102" (see page 2 of report 981)

1 Leye] by means provided in accordance with 04.01,
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"SECTION 1—Continued

APPENDIX IT

(B) Empty weight as weighed includes the following:

1. Required equipment®

Item No?
10
11l
12
13
14
15
16
17

Page No.
Report No.
Name Weight

AT BT e e e 21
Battery _ _ _ e 40
Heater e 2
Ventilator__.__.. . ___ USRS 4
Generator_ . .o 20

Position lights____ ... -
8.50-10 wheels (mfr. and model) and 8.50-10 6-ply tires_.____ e -
10} inches streamline tail wheel . ______________ . ___________ -

2. Optional equipment

Horizon-
Weightt tal arm
(nel in-  from Horizontal
Item No. Name . crease) datum moment
7 Wheel streamlines_ ___ . .. . . _ . 24 71 1704
19 Flares (type)_ . o oo ___ 17 175 2975
4 Adj. metal prop. 70 1bs. - _____________ 24 13 312
6 Optional instruments not required (list)_ 15 60 900
20 Optional fuel capacity 70 gals. (2 tanks
at 35 gals.) oo 15 . 90 1350
21 Radio:
Receiver (type) and antenna_________ 30 60 1800
Shielding (type)_ _ . - ________ 10 16 160
Bonding___ ______ o ____ 10 50 500
5 Ballast container and straps, etc_.______ 20 138 2760
_ Total optional . _________________ 1656 _______ 12461
3. Empty weight as weighed ___________________________ 2250 129.3 290925
Optional Equipment_ ______________ . . __ —165 _______ — 12461
Basic empty weight_________ . 2085 X, 278464

X, — 278464 _ Ihstance from datum to G of aix'pldne empty with all required

2085

items only.

¢ “Recuired Equipment’ (see page 5).  Ldst all such items even though weights are not ineluded for some.
1ltem numbers to correspond with aumbers used in balance disgram.
1All weights of squipment are irstallation weights,
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AIRPLANE AIRWORTHINESS

Page No.
Report No.
SECTION 2. Most Forwarp CG CoNpITION.
(A) Loading as actually flown:
Horizontal Horizontal
Tiem No. Name Weight arm moment
. Empty weight as weighed . . ______ 2250 129.3 290925
| Oil Sgals__ . ________ 38 51 1938
2 Fuel 20 gals______________________ 120 G0 10800
3 Pilot + parachute________________ 3 225 90 20250
4 Propeller (if other than noted in
section 1 (B) ).
58 Ballast (incl. containers, straps, ete.). 100 60 6000
Total . __________________ 2733 120. 8 329913
Datum to MAC leading edge_ - - ___ 102 102
- Percentof MAC_______ ______ 18.8 —+ S0(MAC)=23.5%
Inches aft of leading edge of wing__ 120.8 —100 =20.8 in.
(B) Loading substantiated by 2 (A):
Bastc empty weight_._______________________ 2085 X, 278464
1 Oil Sgals.______ . ________. 38 51 1938
2 Fuel 70 gals®_ _____ . .. 420 90 37800
3 Pilot ™ ___ L ___ 170 g0 15300
3 Passengers (in front seat)_ ... . 170 a0 15300
3 Parachutes in front seats (2 at 201bs.) 40 a0 3600
4 Propeller (heaviest to be used)(70-46) 24 13 312
6 Opticnal instruments______________ 15 60 900
¥ Wheel streamlines . ______ _________ 24 71 1704
21 Radio equipment forward of most
forward CG limit.
Plus other items of optional equip-
ment critical for most forward O'G
load condition.
Total _________ . W, ¢ X, M,

t _Aetaal weight of pllot and parachute shall be used in sections 2 (A) and 3 (A} instead of standard weight of 160 1bs.  (170--20).
8 Fuel subsfantiated shall be as follows: (See (4.72L1) () 1 gal. for every 12 maxiroum except take-off horsepower when minimum fuel is critical.
(b) Full tanks when maximum fuel is eritical.
7 When controls are arranged in fandem and the sireraft can be flown from either position, section 2 (B) will include the pilot in the froat cockpit,
Similarly, section & (B) for the most rearward CfF condition will inelude the pilot in the rear cockpit. (Otherwise the sirplane must be placarded accord-

ingly)

% Shall not exceed limits in 2 (A)and 3 (&),
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APPENDIX II -

SECTION 2. Most Rearwarp OG Coxpirion

(A) Loading as actually flown:

Ttem No.

HE G b =

5h

(B) Loading substantiated by 8 (A):

1

ta

N = W

Page No
EKeport No
Horizontel ~ Horizontal
Name Weight arm mament
Empty weight as weighed. _ . ___________ 2250 129.3 200925
Ollsgals . . . 38 51 1938
Fuel 20 gals. .- . . ____.______ 120 90 10800
Pilot and Parachute_____________.______ 5025 90 20250
Propeller (if othor than noted in Section
1 (B)).
Ballast (incl. containers, straps, ete.) .. 200 250 5000
Total . _ __ . . 2833 132 373813
Datum to MAC leading edge_ - _ .. __. 102
Percent of MAC ___ .. _ . ______._ 30--80(MAC)= 37.3%
Inches aft of leading edge lower wing. _ . 132—100== 32.0 in.
Basic empt.jf welght_ . ... ______._ e 2085 X, 278464
Oil 5 g 8 e ... 38 51 1938
Fuel ———‘70 gals®___. .. e meemeioo 120 90 10800
Pillot 7 __ .. 170 90 15300
Propeller (Hghtest to be used) included in -
basic empty weigh.__ .. e no net jlerease
Flares (Twpe). o oo i7 175 2875
Radio equipment aft of most rearward CG
(Pas:»engelb in regr seat are at arm of 125.
if aft of 132 the rear passengers and para-
chutes should be mcijuded here)
Plus ¢ther items of optional equipment
critical for most rearward O condition,
Total oo eaoaol-- W 5, M,

Bee footnotes 5, 6, 7, and & on page 178,

SECTION 4. FuLr Loap Coxprrion

{A) Loading as actually fown:
(Same form as 2 {A) and 3 (A))



AIRPLANE AIEWORTHINESS
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APPENDIX III

BIPLANE WING LIFT COEFFICIENTS

Reprinted from Air Commetce Bulletin, November 15, 1634

Two NACA Technieal Reporis ! embody & complete
expositton of the latest available information as to the
effects on the individual wing lif coefficients of stagger,
wing thiekness, gap, decalage, overhanp, unegual
ehords, and unequal eﬁ'ectwe areas. The purpose of
this paper is to present in summarized form a simplified
practical golution for Cp, and Cy, based on the data of
these reparts, except for certain practieal ecompro-
mises and the elimination of an inconsistency as noted
later,

First are listed the known cellule and wing charac-
teristics, followed by computations and references to
the figures of this paper in the order corresponding to
the guickest solution. A sample compuiation parallels
the gencral presentation.

Given:
=40 ft. Owverall span of upper wing,
& =20 ft. Owerall span of lowsr wing,
¥u.=40 fi. Net span of upper wing (pver-all less
fuselage cui-out),
¥ L=17.4 ft. Net span of lower wing (over-all less
fuselage cut-out).
S, =300 sq. ft. Gross area of upper wmg
Sz=76 sq. ft. Gross area of lower wing,?
87,==300 sq. ft. Net area of upper wing {gross
less eut-outs).
8y =64 sqg. ft. Net ares of lower wing (gross less
cut-outs).
=15 . =8,'", Mean geometric chord of
upper wing.
o'z=44 in.=8";/b"r. Mean geometric chord of
lower wing.
@=66 n. Distance normal te zero lift direc-
tion®
Stagger=44 in. Distance parallel to zero lift diree-
tion.B :
tr=6.6 in. Maximum thickness of ¢'r.
5=3. Decalage in degrees.
Solution:
1 f/0=.10="5.6/66
s=1 O—Estaggerfc fr=44/44
A== (12 from figure 56, function of i1/G and s.
by—br _ 50— 40— 20
L =0=T
Fi=30=1 D - L3
Gje'p=1.5=66/44
B= —.0536 from figure 57, function of G/cL.

L Relative Loading on Biplane Wings, by Walter 8. Dichl, NACA T, K. 453,

3. Diebl, NACA T. R. §01,
* A ssuming wings conéintious from tip to Ep.

i Between triean acrodynamic coaters of upper and lower wings as shown in figure 61
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;= — 015 from figure 58, function of ba—Tn
Sy b 6440
D=¢ L}Cg""'S Xbp SOOXIT .50

K1-—[F1(111+Blﬁ) + C"l]D [.30(.01243x —
0596) 4+ (— .015)[.50=— 049
g‘h=.050+0.173— 050-+0.171=.22

2 1
P L
. Fy=, T%from figure 59, funetion of R and

fe

Bgz 6

{A2F3+ Bsb) = .22 % .76+ .0186 % 3=.223
C;=—.013 from figure 60, function of b

angd [A;F+B:8)

Kﬂ*{(‘igFSﬁ‘Bza*l‘Oz)]D [(.238-—.013)].50

E= 468 Sam' +300/64
Cr, —(1+K2)C;,+K1—(l— 105) Cr—.049

CL =1,1067,— .

CLL—(]—KQE‘CL——K E=(1-.105%468)C—
{(—.049:< 4,68)

Crp=.508CL+ .23

When Cp=0,Cr,=—.049C;, —.23

When Cp=1.0, Cr =1.056(;, =738

Plot straight lines through these values in figure 5,

Remares: (1) It should be noved that the methods
in T. R. b0L of oorrectmg for oxerha.ng in figures 59
and 61 are incorrect in that Ky, A, and K;, as well
as FyX Ky and Ky, should eorrespond to ¢, equals
unity, i. e., equal chords. The correction for unequal
chords should have been introduced later by multiplica-
tion of the values of K and K, for equal chords by the
ratio of geometric chords of the lower to upper wing.

{2) Gross aress are used only for the determination
of the average aspect ratio.

{3) For the case of defleeted flaps an equivalent
decalage should be introduced,

(4) In 8 correet solution the devived straight lines
for Cp, and Cn, will intemect a1 the corresponding
value of O of the cellule.

(5) The use of the mean aerodynamic eenters makes
this method of solution applicable also to those cases
where the wings incorporate sweep back and/or taper
in plan form,

(6} Wings incorporating twist are a special problem
not divectly amenable to the procedure of this paper.

Relative Loading on Biplame Wings of Unequal Obords, by Walter

{Bee also 04.217-E.)



ATRPLANE ATRWORTHINESS

1 Azll7_+B.8 H

I

Figure 60.

:éi'\}'l_

/ I Aerodynamic center

of upper wing

oCo is welghted average angle of zero lift.
Figure 61.
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APPENDIX 1V

A SIMPLE APPROXIMATE METHOD OF OBTAINING THE SPANWISE DISTRIBUTION
OF LIFT ON WINGS

1. Summary

This appendix presents and describes a simple and rapid approximate method for the deter-
mination of the spanwise distribution of section 1t coeflicient ¢;! on wings for use when a rational
method is required. One completely worked example and three additional examples which com-
pare the results obtained by this approximate method with available theoretical methods are
included. Limitations of the method are given in section 6. The method described here incor-
porates a tabular form for use in making the necessary computations. In practice, it is necessary
to enter only 7 basic columns in the table, and the remainder of the work is a simple routine pro-
cedure which can be carried out by personnel with no engineering knowledge of the principles
involved. '
2. Basic Considerations

It is well known that the lift distribution for any wing can be found in terms of the wing lift
coeflicient C,, the basic lift coefficient ey, and the additional lift coefficient ¢, as related by the

formula:
;= Onclal +cu

In order to determine the values of ¢, along the span for any given design condition corre-
sponding to a specific value of the wing lift coefficient (7, it is, of course, necessary to know the
values of ¢y, and ¢; along the span. (It might be noted here that, if the wing has no aerody-
namie twist, cp=0 and ¢, =C,c;,,. These may be determined by the following approximate

formuias which were derived from the results given in reference (1):

_Ja, 4 A%
w=H 22y 1“(W2)]
615=%(“R0+B)

In using these basic formulas, the following values must be determined:

b2
- _J; 2,0y (Mean value of 2,)
=g

b/2
__J; a.fedy (Angle between wind direction and the reference axis, for zero
Fro— 7]"’!2 wing hift)
aedy
[}
b2 _ .
— ) ¢Bdy (This is a simplification of formula above for use when a, is con-

ML 25 stant along the span)

The computation of ¢, and ¢ is conveniently adapted to a tabular form, the use of which
is described in the following section:

1 Sep nomenclature, p 187.
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TABLE XXII.—Spanwise Air-Load Distribution
(The followlng tabulation is for wing shown in Fig. 63)
Com-| Com-
1 2 3 4 & 6 7 8 9 10 11 12 13 14 Fcif:?l 16 17 18 19 20 21 22 p‘cl:thnd p:!lltl;(;d F:‘i::d Fg?:ﬂ
' 18 |24 | 25 | B
oy [oinsfatns UL OB | elporly o/ B £l @7 |1-@) VB (Ox@@48 B | | | =4 (00 gXg [oxal O [BrRolpke OX@ oo |80
L0090 102,00 23.04 .333| 783.36 P L4 L {00 . 598 000 1.00Q| 1.000] .99¢| 1.997| . 998 000)—8. 00| 8.00| 6, 266 88| _____ L059) - 3.70| .185] 1B.87| 18.87| .I85
.0060F 08.70( 23,04 1.33313, 032. 04| 100l o 1.000) 10300 008 (991l _90&l 1.425) 2.0250 1.012 0001 —8. 001 8.400(24,258. 481 ___ .. LS50 3.700 .185( 18.26] 18.9G{ .132
gection from § of air- |]-—— -
Plune 1p end of flap_ (- 1920 L0 2304 .6a7/L451.44] L100 _ 1.000( 1.074f 037 963} .o%1| 2.054| 2,054 1.027| 000|—85.00 & 001, 63 52l 00| 3.70 .185| 17.31] 12.70| .165
C2RR0| 91,02 23,02 _;. 333(2, T6. 13 VR0 . L] 1L000) 1117 . L0B3| . 917 .B57 1.069| 2.080| 1.034 (L1} :‘i‘ 800122, 369.04)______ 080 LT0l L 188 16.88 .70 .107
.H3840 B7.80; 23.04 .333) 674,31 Lo 1.008)| L1588 . 147 K 853 . 92; 107 2.070| 1.035 000|—8.00) 8.00| 5,394, 48|______ . 050 3.70] .185) 18.24 1.25( .014
3840 87.80| 21.95 .833) 642,70 .160)___ _.| 1.000| 1.1a8 .147i .853| .g24| 1.070| 2.070| 1.035| 000|120 1.20 17,24 __ . 050 —3. 10—, 155|—13.60{ 1.25] .014
Section from -and of 7{??15 83.95 21.96 1T 33312, 458. 06 . L1000 1,000f 1,211} 226 .774] .s88u( 1.066] 2.0668] 1.033 oon|—1.20; 1.20| 2,949.67|.._._. .B50 —2.10(—. £55{—13.01| —5.15] .068
g%}:_l E‘.‘Ll?li‘%ﬁlfl.l{.i{if)i CABTH BO.40) 21,96| .6B7|L,177.06{ .100{. .. .. 1.900| 1.286, .32%| .670 ~ C824( 1.042| 2,042| 1.021| 000|—-1.20| 120 1. 412.47| ... LG50 —3. 10| —. 155{—12. 46} —9.25/—. 115
LG6585F 76.87) 21.96] 1.333|2, 250.75 100 L. 1.000] 1.328) .434] 506 .792) 995 1.09%] 097 Q00| -1, 20] 1,20 2,700, 90} ___. G350 =3 H—. 156 — 11, 9% |— 11, 40| —. 148
Fﬂd .-ﬁ 21. 98 .333) A37. 14 P (V]| SR 1.000; 1.386] .563 .437| .661 a6 1.916] . 958 Wo|—1.20] 120 44, 7] RiCH —_3_5 —. 155/ —1L. 37| ~11.37|—. 158
_7HI0)  ¥3.38| 15.00 .333] 366.90 100 1.000| 1.38G) .563| .437| .861 .018] 1.916) 968 000 j2—|) 1.20 440.28|.__.__ RS0 —3& 101155 —11, 37] —11. 37| —. ¥55
Jection from begin- Eﬁ 69.18] 15 00| 1.3331, 383. 40 P (11 P 1.000 1:1@ L6600 . 340| . 583| .857| 1.857| .928 -~ ﬂl_)P —1.20] 1.20| 1,660.32|______ . 050 —2.10|—. 155{—10. 72}—10. 72|—. 155
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APPENDIX IV

3. Use of Tabular Form

The form for computing the values of ¢, and ¢, is shown as Table XXTI. Briefly, the use
of this table consists of entering the basic geometrical data required in columns 1, 2, 3, and 16;
entering the “multiplier” in column 4; entering the basic aerodynamic data required in columns
6 and 17; and then proceeding with the routine computations as indicated in the body of the
table. The value of ¢4, is then obtained as column 15. The value of ¢, is obtained as column
23, in case high lift devices are not used, and as column 26 if such devices are used. The proce-
dure for using this table will now be outhined:

Column 1.—Before entering the values ofﬁz— in this colummn, it is necessary to divide the semi-

Span into a convenient number of sections, and then divide these sections into a convenient num-
ber of even parts. Examples of this are shown on figure 62. It is necessary to locate section
divisions at the beginning of the tip region (see Fig. 62 (1)), at the ends of high lift devices (see
Fig. 62 (2)), and at points where there is an abrupt change in plan form (see Fig. 62 (3)). Thoese
section divisions are shown as heavy lines on figure 62. The sections thus obfained are then
divided into an even number of parts as indicated in figure 62. (An even number of parts is neces-
gary in order to insure aceuracy in the numerical integration which is automatically provided for

in Table XXII.) The values of %‘3 may now be entered in eolumn 1, taking care to enter the b%

values at the main section division twiee, as shown.
Column 2.—Enter the chord, ¢, in inches corresponding to the Ey_Q value on the same line.

Column 3 —Enter here the actual width in inches of the small divisions of the semi-gpan
within the section (see Table X XI1I).

Column 4.—Enter here a multiplier which, within a section, is a series of the following form
(Simpson’s rule for approximate integration). It will be noted that the first and last terms of
this series are .333, and the intermediate terms are a repetition of 1.333 and .667. Examples of
multiplier values follow:

Two divisions: .333, 1.333, .333

Four divisions: .333, 1.333, .667, 1.333, .333 '

Six divisions: .333, 1.333, .667, 1.333, .667, 1.333, .333

Eight divisions: .333, 1.333, .667, 1.333, .667, 1.333, .667, 1.333, .333

Bee also Table XXII for an example of this procedure.

Column 6. —Enter here the slope of the lift curve, a,, for infinite aspect ratio in O, per degree
for the pertinent airfoil section {or airfoil-flap combination). Daia for this purpose can be ob-
tained from standard NACA reports. '

Column 16.—Enter here the angle of incidence, 7. This iz the angle between the chord line
{the line used as datum for airfoil ordinates and angles) and the reference axis. The reference
axis can be chosen as any convenient axis in the plane of symmetry, such as, the fuselage axis or
the chord line of the root chord. Care should be taken in using the proper sign for 4, positive
values being as measured in the sketch below. {The sign of e, is shown as negative in the sketch

to agree with NACA airfoil data where the reference line for angles of attack is always the chord
line. Therefore, considering only the geometry of the particular sketch, 8 is obviously i4 ec,, or

using the sign and expression for g given on the sketch, 8=i—(— e )=i4 1 ).

Zoro Lift Line

f 1 ;Reference axis

ﬂ= i-—cclo

Column 17—Enter here the angle of attack for zero lift, e, for the pertinent airfoil section (or

airfoil-flap combination), taking care to use the proper sign. Data for this purpose can be cbtained
from standard NACA reports. Computations can now proceed in accordance with the instruc-

185



AIRPLANE AIRWORTHINESS

tions on Table XXII. In cases where high lift devices are not used, the final values of ¢;, and ¢y
for design purposes are given in columns 15 and 23, respectively. !

When such devices are used, the ¢i;; values of column 15 still apply, but it is necessary to fill
out columns 24, 25, and 26 in order to obtain the final ¢y (column 26) values for design purposes,
Instructions for filling out these columns are given in the following section.

4. Procedure for Obtaining ¢;, When High Lift Devices are Used

When high lift devices are employed, it will be found that the ¢, values in column 23 have a
sharp discontinuity at the end(s) of the flap, as shown in Table XXTI. It is, therefore, necessary
to properly adjust these values in order to obtain better agreement with actual measured span
distributions,

This adjustment process is performed by computing column 24 to obtain ¢,e and plotting the
values thus obtained against the semispan. Examples of this arc shown by the dashed lines on
figures 63 and 65. These curves are then faired as shown by the solid lines taking particular care
to fair in such a manncr that the fotal area under the faired curve is equal to zero. The values of ¢ye
from the faired curve are then entered in column 25 and the final ¢z for design purposes is obtained
in column 26,

5. Comparison Examples

These examples are included to show a comparison between the results obtained by the approx-
imate method outlined hercin and more exact theoretical methods which have previously been
shown to give satisfactory agreement with experimental results. (Reference (1) includes a large
number of comparison examples which are of interest.)

Ezample 1.—The wing planform of this example 1s shown in figure 63. The wing has no aero-
dynamic twist, except that induced by the flap, which is deflected 30°. This example is taken
from NACA Technical Report 585, page 3 (reference (2)). Table XXII shows the computation
of ¢i, and final ¢;;. Fairing of epc is shown on figure 63. Table XXIII gives the computation of
¢; for a wing lift coeflicient (;,=1.72, and a comparison of final values of ¢;, ¢, and ¢, with those
obtained theoretically by reference 2 is shown in figure 64, It will be noted that the agreement
of the ¢; values is very satisfactory for design purposes.

TABLE XXIIL—Final ¢ Distribution for a Wing Cy, of 1.72
{Example from NACA, T. R. 585)

I Final ¢i, Final ¢ja | Final ¢;
1 2z | s 4 ' 5
v
b_;’;é Lia CLx2 Eib 344
0 0,093 172 0.185 1, 905
0. 0960 1.012 174 . 182 1922
1930 1. 027 1.77 155 1,925
. 2580 1.084 178 .107 1. 887
3840 1.035 1.78 014 1.794
4755 1.033 1.78 —. 068 1.712
E670 | 1021 176 —.115 1.645
6585 997 L7t —.148 1. 562
L7500 .958 1.6 — 155 1.485
8125 .98 1.60 —155 | 1445
8750 895 154 "1 | 1.38
9375 88T 1.47 — 155 1.315
1.0 (1411} 009 (4] 00

Ezample 2.~ The wing planform for this example and the comparison curves of ¢; are shown on
figure 66. This wing has no aerodynamic twist. It will be noted that the agreement of the approx-
imate method with the theoretical results is satisfactory for design purposes. (The Cp value of
4.52 for this example is a theoretical value corresponding to an angle of attack beyond the stall.
However, the ¢, values for this wing at angles of attack below the stall would be directly propor-
tioned to those shown on figure 66.)
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Ezample 3—The wing planform and comparison curves for this example are shown on figure 67
This wing has a straight center-section, a root to tip chord ratio of 4, and an aerodynamic washout
of 2°. The lift coefficient of the wing, (%, is 0.687. In this case, & comparison is made between

the {/’g values given by the approximate method and the theoretical curve from NACA Technical

[
Note 732 (reference (3)). (It will be noted that the value b_/:g is directly proportional to the load
- per foot of span acting on the wing.)

Ezample 4—This comparison example is shown on figure 68. The flap deflection is 60°, the
ailerons are in neutral pesition, and the wing Cp, is 1.716.

The theoretical curves for ¢;, ¢1,, and c, are the same as those shown in figure 74, page 744,
of ANC 1 (1). It will be noted that the agreement of the approximate method with the ANC 1 (1)
theoretical method is entirely satisfactory for structural design purposes. Figure 68 also shows a
comparison of the ¢,, values of the approximate and theoretical methods, (The term ¢ is directly
proportional to the load per foot of span acting on the wing.)

6. Conclusions

On the basis of these comparison examples and many other comparison examples which have
been completed, it is concluded that the approximate method given here of computing spanwise
distribution of ¢; i3 satisfactory for structural design purposes, provided that: (1) The aspect
ratio is within the normal range of values (say from 5 to 12), and, (2) The wing has reasonably round-
ed tips, if the taper ratio is greater than 0.5, (This restriction as to rounded tips does not apply
for taper ratios less than .5)

In cases where the wing does not have reasonably rounded tips and, at the same time, the
taper ratio is greater than 0.5, the approximate method can also be used provided that an empirical
tip correction such as is outlined in paragraph 1.32 of ANC-1 (1), “Spanwise Air-Load Distribu-
tion” is employed. This method is considered satisfactory for any amount of aercdynamic twist
that may be encountered in conventional design practice.

7. References : :
(1} Schrenk, O.: A Simple Approzimation Method for Obtaining the Spanwise Lift Distribution.
T. M. 948, NACA, 1940. :
(2} Pearson, H. A.: Span Load Distribution for Tapered Wings with Particl-Spen Flaps.
T. R. 585, NACA, 1937,
(3) Sherman, Albert: A Simple Method of Obtaining Span Load Distribution. 'I'. N. 732,
NACA, 1939.
(4) ANC 1 (1): Spanwise Air-Load Distribution. 1938.

8. Nomenclature

S  Wing area, square inches

b  Span, inches

¢  Chord, inches

¢  Average chord, inches { = SYb)

y  Distance of a particular station from centerline of wing, inches

. Wing lift coeflicient

€, Additional lift coefficient for a section when wing % = 1.0

¢, Additional lift coefficient for a section ( = Cre,)

Co B&siclzl i!ift coefficient for a section due to aerodynamic twist, when wing is operating at
zero lift

¢; Section hift coefficient ( = ¢y + €1p)

o<y, Angle of attack of a section for zero lift, degrees

1 Angle between the chord line and the reference axis, degrees (see sketch on page 185)

8  Angle between the zero lift line and the reference axis, degrees (see sketch on page 185;
note that g = @ — ecy) _

o« Angle between reference axis and the wind direction, degrees {positive when the reference
axis is so inclined to the wind direction as to produce positive lift, assuming (for this pur-
pose only) that the reference axis acts as a zero lift chord line on airfoil section)

ecz, Angle between the wind direction and the reference axis when the wing is operating at
zero lift, degrees .
o, Angle between the zero lift line of & section and the wind direction, degrees {cc,,= oz 8)

a  Lift curve slope, (1 /degree ,
a, Section lift curve slope, ¢;/degree (slope of graph of ¢; vs. )
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a > b
D R B e _SUGQESTHD) DIVISIONS
| T
a = 8 even parts
- —>]
| b = 4 pven parts
.—_____________-l
-_________—L—'———-'H—_—-
)
STRAIGHT TAPER - ROUND TIPS
oo 8] b e
! 8 » 4 even parts
A b = 4 even parts
1 — ¢ = 4 even parts
—
FLA-P _______.._———-"“""___--—_
L
~(2)
STRATIGHT TAPER - ROUND TIPS - FLAPS
-4—— a e b [+
-“"'5-.__ X
/ -"“-.____
l/ : a= 2 even parts
e D—st b = 4 even parts
| ¢ = 4 even parts
| —
(3)

REVERSE TAPER - ROUND TIPS

Figure 62.—Examples of wing planform division.
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Figure 63.—Comparison example from NACA T. R. 585.
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Figure 64.—Comparison example from NACA T. R. 585.
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Figure 65.—Examples of fairing the curve of ¢ vs. b_lfrf
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1 2 $ 4 5 6 78510
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Figure 66.—Wing with reverse taper comparison example from T. R. 585.
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{a) PLANTORM
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0 . 2 .3 .4 y 5 - 7 .8 .9 1.0
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.2;r T c:)..=_ MXIMATE METHGJ
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=) !
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g, A~
g. .
o
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.0 al v 02 .35 .4 .5 .e 07 .8 09 100
' O
b/2

Figure 67.—Comparison example from NACA T. N. 732.
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Figure 68,—Comparison example from ANC-1 (1).

194

U. 5. GOVEANMENT PRINTIRG OFFICE:154T



